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BIOLOGICAL BULLETIN 


AN EARLY STAGE OF AN EXPERIMENTALLY PRO- 
DUCED EXTRAUTERINE PREGNANCY AND 
THE SPONTANEOUS PARTHENOGENESIS 
OF THE EGGS IN THE OVARY OF 
THE GUINEA PIG.! 


LEO LOEB. 


The observation on which I wish to report is of great interest 
from several points of view. It explains the negative result of 
our former attempts which aimed at producing experimentally 
an extrauterine pregnancy in the guinea pig. It contributes to 
the understanding of the mechanism of the sexual cycle and it 
makes certain my previous conclusions, which formerly had only 
been probable, concerning the fargoing parthenogenetic develop- 
ment of ova in the ovary of the guinea pig, conclusions which our 
previous studies had made very probable. In a great number of 
previous experiments we made incisions in various parts of the 
uterus of the guinea pig and at different times after copulation.? 
Under these circumstances it certainly must often have happened 
that fertilized eggs left the uterine cavity. But extrauterine 
pregnancy did in no case take place under such circumstances. 
Even after ligation of the fallopian tubes we were not able to 
observe the occurrence of an extrauterine pregnancy. This 
latter observation is in accordance with some experiments of 
Mandl and Schmidt.’ It was of interest to determine what was 
the fate of the ova which left the lumen of the uterus and passed 


into the peritoneal cavity after fertilization. An observation 
1 From the pathological laboratory of the Barnard Free Skin and Cancer Hos- 
pital, St. Louis. 


2? Leo Loeb and John W. Hunter, University of Pennsylvania Medical Bulletin, 
Dec., 1908. 


8 Archiv f. Gynaecol., 56, 1898. 
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which we made in the course of our continued experiments serves 
to clear up this point. 

Two days, sixteen hours after copulation, incisions were made 
into the uterus of a guinea pig. The weight of the animal at the 
time of the operation was 550 grams. The incisions were longi- 
tudinal and extended through both horns of the uterus up to 
near the point of juncture with the tubes. Besides. the longi- 
tudinal incisions a number of transverse incisions into the uterine 
wall were made. Eighteen days after copulation uterus as well 
as one of the ovaries was taken out for examination. The ovary 
was cut into serial sections. Small follicles in the early stages 
of development, as well as other follicles in early stages of con- 
nective tissue atresia were found. In addition there were many 
follicles in the last stages of follicular atresia. There were also 
present several young corpora lutea, the center of which was 
partly filled out by connective tissue, while the center of the 
cavity had not yet been organized by connective tissue. There 
were furthermore present corpora lutea in an early stage of retro- 
gression, as well as yellow bodies, completely atretic corpora 
lutea. These findings correspond to an ovary about three days 
after ovulation. 

Microscopic examination of those parts of the uterus which 
had not been incised during the operation showed cylindrical 
surface and glandular epithelium with numerous mitoses in the 
glandular ducts. The fundi of the glands are somewhat smaller. 
In the lumen of the uterus there are some polynuclear leucocytes, 
a greater number of which are found in the ducts of the glands. 
In the connective tissue of the mucosa as well as in the surface 
epithelium the presence of several small round cells is noted. 
There are very few mitoses in the connective tissue of the mucosa 
which is rich in nuclei. These findings correspond to a condition 
of the uterus about 3-3% days after copulation. 

Near the tubal end of one of the uterine horns, not far from the 
usual situation of the ovary there was a small nodule. This 
nodule was cut in serial sections, and its structure is best ex- 
plained by referring to the illustrations. 

Fig. 1 shows the position of the embryo. 

(a) It lies in the neighborhood of the fallopian tube. 
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(6) Some distance from the embryo we see the cut wall of the 
uterus. 

(c) In the direction towards the tube we see the musculature 
of the uterus, in the opposite direction the epithelium with the 


Fic. 1. Low power. a, embryo; b, Fallopian tubes; c, everted walls of the 
uterus. 


A more detailed explanation of the figures is found in the text. 
Fics. I, 2, 3, 4 and 6 are from microphotographs. Fig. 5 from a drawing. 


glands and the connective tissue is visible. In the detached part 
of c the glands have the character of mucous glands. At this 
place the mucosa of the uterus is everted as a result of the incision. 
If we follow on further sections the position of the placenta which 
surrounds the embryo proper, we find that at some distance from 
the embryo proper it dips into the peritoneal side of the uterus 
at a place above the beginning of the incisions, where therefore 
the uterine lumen is still intact, and it even penetrates into a 
fissure of the musculature of the uterus. Further downwards 
the embryonal placenta extends to the peritoneal tissues of the 
upper part of the incised uterus. Fig. 1 of course represents only 
one section while the description which we just gave is based on a 
study of a number of serial sections. The egg embedded itself 





62 LEO LOEB. 


evidently in the connective tissue between the upper end of the 
uterus and the lower end of the tube and its derivatives pene- 
trated still deeper between the musculature of the uterus in the 
direction from the peritoneal side. 


The character of the embryonal structures and their relation 


to the surrounding tissue are more clearly shown on Fig. 2. | is 


Fic. 2. The developing embryo; somewhat higher magnification. a, embryonal 
structure (neural canal?); 6, Fallopian tube; c, giant cells of the embryonal placenta; 
d, cuboidal cells of the embryonal placenta surrounding cavities; h, hemorrhages in 
the surrounding connective tissue. 


the fallopian tube. a is the embryo, which is surrounded by 
placental structures c and d and other similar not especially 
designated structures. In the periphery of these structures are 
found extensive hemorrhages into the connective tissues and these 
are in turn surrounded by strands of connective tissue and by 
blood vessels. The entire region between the tubes and the 
outer hemorrhagic zone is filled out by embryonal placenta. 
The embryo proper corresponds to a developing guinea pig at 
a stage directly following the formation of the germ layers. 
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A points to a central structure, which probably corresponds to 

the Anlage of the neural tube. Under the abnormal conditions 

under which the embryo must develop, the various embryonic 

structures are evidently somewhat distorted. Fig. 3 shows the 
d 


i 
; 
! 


Fic. 3. The embryo proper, higher magnification. «@, mitosis; c, surrounding 


giant cells; d, a structure which perhaps corresponds to the placental cavities lined 
with cuboidal cells. 


central part of the embryo at a higher magnification. A points 
to the same cavity as a in Fig. 2. The cell designated by a is 
seen in the process of mitotic division. Other embryonal cells 
also divide mitotically at various places. Surrounding the central 
parts of the embryo we find epithelial structures arranged in 
layers adjoining as is shown on Fig. 2. Giant cells c surround the 
embryo at various places on Fig. 3 in a similar way as seen on 
Fig. 2. A larger number of giant cells are also found at a some- 
what greater distance from the embryo. These giant cells are 
arranged typically around cavities, which are lined by smaller 
cuboidal cells. -D on Fig. 2 points to such a cavity lined with such 
cuboidal cells. Perhaps also the canal d on Fig. 3 corresponds to 
such a cavity. The small cuboidal cells often proliferate and 
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their proliferation leads to the formation of papillary excrescences 
into the cavities. These excrescences fill sometimes a great part 
of these cavities. Mitoses often appear in these cuboidal cells. 
Fig. 4 shows such a placental structure at a higher magnification. 


Fic. 4. A placental cavity lined with cuboidal cells. c, giant cells; d, cuboidal 
cells lining a cavity and forming papillary excrescences; c’, a giant cell penetrating 
into the surrounding connective tissue; », blood vessels; h, hemorrhages in the con- 
nective tissue; u, experimentally misplaced uterine epithelium. 


d points to a cavity lined with cuboidal cells. The cuboidal cells 
form papillary proliferations into the lumen. The cavity bulges 
into the surrounding tissue at d1. The cavity is surrounded on 
several sides by giant cells c and these giant cells protrude into 
the cavity and divide it into two parts. These giant cells have 
the power to penetrate farther into the surrounding tissue inde- 
pendently. C1 represents such a giant cell, which penetrates 
into the surrounding’ fibrous tissue. Surrounding this placental 
structure we find connective tissue in which there are many hemor- 


rhages h. U represents a cavity lined with uterine epithelium. 
v represents a blood vessel. Fig. 5 represents a drawing of a 
similar placental structure. D represents the cavities lined with 
cuboidal cells, and partly filled with the proliferated cuboidal 
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cells. C are the giant cells surrounding the cuboidal cells. F is 
fibrillary connective tissue in which there are many hemorrhages 
h. There is nowhere a formation of a decidua. visa blood vessel. 


i teste? i: 
Sata fate retin, 
Vane ses 


Fic. 5. A typical placental structure. The various letters have the same sig- 
nificance as in Fig. 4. 


As we have already seen on Fig. 4, the giant cells penetrate 
deeper into the tissue, independently of the small cuboidal cells. 
They prefer especially the neighborhood of blood vessels, pene- 
trate the walls of the latter and replace the endothelial cells. 
Blood vessels thus changed are of course thereby weakened, and 
they are no longer as well able to resist to the full extent the blood 
pressure, and thus hemorrhages into the tissue, as so frequently 
seen, result. Fig. 6 shows two vessels v. Giant cells c have 
advanced up to the lumen of these vessels and substitute the 
endothelial cells. In cI also there lies a giant cell in the tissue. 
At many places there are hemorrhages h in the connective tissue. 
In the periphery of the upper half of the section, connective 
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tissue surrounds the structure. d points to a cavity filled with 
small cuboidal cells. 

These findings will have to be interpreted in the following 
way. At the time when the incisions were made into the uterus, 
namely two days and sixteen hours after copulation, the ova had 
probably already left the tube and had reached the upper part 
of the uterine cavity. At this time one or more of the ova left 
the uterine cavity through the incision into the uterine wall 


Fic. 6. Placental embryonal giant cells penetrate into the vessel wall. », blood- 
vessels; c, giant cells substitute vascular endothelial cells; c’, a giant cell lying in 
the host tissue; #, hemorrhages in the host connective tissue; d, cuboidal placental 
cells of embryonal origin. 


and one of the ova passed around the outer side of the upper end 
of the left uterine horn, and embedded itself in the connective 
tissue between the tube and the upper end of the left uterine 
horn. A part of the embryonal placenta in the course of de- 
velopment penetrated farther into the musculature of the uterine 
horn. The fertilization of this ovum had in accordance with the 
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general view concerning the time of fertilization of the guinea- 
pig ovum already taken place at the time of the operation. We 
excised the nodule fifteen days eight hours after the incisions had 
been made. 

Our description of the embryo clearly shows that under the 
existing abnormal conditions the development of the ovum was 
greatly retarded. The embryo is still alive and even growing, as 
the mitoses, which were found at various places, indicate, but the 
embryo is found to be at a very much earlier stage of development 
than one would expect eighteen days after copulation. The 
embryonal placenta also is only very incompletely developed. 
While the normal placenta of the guinea pig shows a complicated 
structure at this period of development, in our case the embryonal 
placenta consist solely of layers of small cuboidal cells, which 
usually line cavities, and produce papillary excrescences pro- 
jecting into the cavities. On the outer side of these cavities 
there are giant cells. The giant cells penetrate also independently 
into the surrounding connective tissue and substitute walls of 
blood vessels, and thus contribute to the hemorrhages which we 


find so frequently. Cuboidal cells as well as giant cells are 
growing actively by mitosis—the latter however to a lesser 
degree. The surrounding host tissue remains passive. The 
embryonal tissue is surrounded by fibrillar connective tissue 
containing the ordinary connective tissue cells. There is no- 


where an attempt at the formation of a decidua on the part of the host 
tissue. 


These observations are in entire accord with our former ex- 
perimental findings from which we concluded that in the guinea 
pig solely the connective tissue of the uterine mucosa is able to 
produce decidua in response to artificial stimuli, as cuts and 
foreign bodies while the fallopian tube, peritoneal and other con- 
nective tissue are unable to do so.! 

These additional observations again prove the similarity in the 
mode of action of the artificial stimuli leading to the formation of a 
decidua on the one hand and of the ovum on the other hand. Ina 
similar manner as the artificial stimuli were not able to call forth a 


1Leo Loeb, Zentralblatt fiir Physiol., Bd. XXIII., No. 3; Journal Am. Med. 
Association, Vol. LIII., p. 1471, 1909. 
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formation of decidua in the peritoneal connective tissue, the ovum 
1s likewise unable to do so. 

These observations furthermore clear up the fate of the ovum 
in cases in which it is not able to develop normally in the uterine 
wall. Frequently a fixation of the ovum does not take place in 
such abnormal cases, especially on the smooth peritoneal epi- 
thelium. In other cases however the ovum fixes itself and begins 
to develop in the connective tissue without however finding the 
necessary decidual reaction on the part of the surrounding con- 
nective tissue. In such cases the development of the embryo 
proper as well as of the embryonal placenta is very much re- 
tarded as compared to the normal development; furthermore the 
embryonal differentiation also remains incomplete and we may 
assume, that after some time the growth ceases and the em- 
bryonal structure is substituted by host connective tissue in a 
similar manner as in the ovary of the guinea pig. We find there- 
fore in the guinea pig no or only a very much retarded and in- 
complete development of the ovum outside of the uterus. This 
is in all probability due to the fact that the host tissue is not 
suited to receive the ovum and to supply it with the necessary 
food stuffs. In this case the host tissue behaves passively in 
contradistinction to the uterine mucosa. This conclusion agrees 
with the fact that we find a general parallelism in the ability 
of the uterine mucosa to produce decidua or deciduomata and 
to permit a normal development of the ovum. As I have previ- 
ously shown, various experimental interferences, as for instance 
extirpation of the corpora lutea or of the ovaries, have approxi- 
mately to the same extent an inhibiting influence on the develop- 
ment of deciduomata and of pregnancy. We may thus conclude 
that the ability of the host connective tissue to produce a decidua 
in a normal manner is of significance for the normal development 
of pregnancy. 

We see therefore that in the guinea pig the ovum does either 
not develop at all outside of the uterus or in case an extrauterine 
fixation of the ovum should take place, the development is much 
retarded and soon comes to a standstill. As our present and 


1 As we shall later especially emphasize, the same holds good in the case of the 
parthenogenetic development of the egg in the ovary of the guinea pig. 
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especially our previous observations concerning the partheno- 
genetic pregnancy in the ovary of the guinea pig demonstrate,! 
the development of the embryonal placenta preponderates re- 
latively very much over that of the embryo proper, probably 
because as I have already suggested, in contact with the host 
tissue the derivatives of the ovum produce mainly the placental 
structures. This is very marked in the case of the partheno- 
genetic development in the ovary of the guinea pig, where in 
typical cases under those conditions placental structures are 
found exclusively and only exceptionally the embryo proper 
begins to develop. 

These observations explain apparently very well the fact, that 
while in the guinea pig a further going development of the ovum 
is possible after extrauterine fixation, in man a complete extra- 
uterine development is not an infrequent occurrence. Our 
findings suggest as one of the causes for this difference in occur- 
rence of extrauterine pregnancy in man and guinea pig, the fact 
that in the case of man the host tissue offers a more suitable 
soil than in the case of guinea pig; while as we saw in the latter 
the development of the decidua in response to various kinds of 
stimuli takes only place in the connective tissue of the uterine 
mucosa, in the case of man the connective tissue of various pelvic 
organs and even the appendix is able to produce decidua as many 
observations show. In accordance with this interpretation a 
number of observers actually reported the development of a 
decidua in the fallopian tube in cases of tubal pregnancy. It is 
very probable that in cases of tubal pregnancy in which a decidua 
was not found in the tube, we had to deal with stages in which 
the chorionic wandercells had already penetrated deep into the 
host tissue and thus gradually destroyed the decidua; in a similar 
manner in the case of the guinea pig it can readily be seen that 
the wandercells of the embryonal placenta destroy a greater 
part of the decidua. It is very probable that from a certain 
stage of embryonal development on, the decidua is no longer in- 
dispensable as far as the continued existence and further develop- 
ment of pregnancy are concerned. 


1 Roux’s Archiv, Bd. XXXII., p. 662, 1911; Zeitschrift f. Krebsforschung, 11. Bd. 
2. Heft, 1912. 
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Our observations are also of interest from another point of 
view. We know that under ordinary circumstances the corpus 
luteum remains longer preserved in pregnancy than in the non 
pregnant animal. Pregnancy prolongs the sexual cycle. We 
may now inquire into the cause of the prolongation of the life 
of the corpus luteum during pregnancy. Several years ago I 
pointed out, that the growth of the embryo might perhaps directly 
or indirectly prolong the life of the corpus luteum during preg- 
nancy.! 

Now we find in our case a small embryo as well as an embryonal 
placenta developing outside the uterus. Notwithstanding this 
fact a new ovulation had taken place about three days pre- 
viously and accordingly the corpora lutea of the preceding 
sexual cycle which had been terminated at the time of the last 
ovulation were degenerated. 

This observation proves that a developing embryo including 
embryonal placenta is in itself not sufficient to protect the corpus 
luteum from degeneration, and to prevent a new ovulation. It 
is possible that the maternal placenta is concerned in the pro- 
longation of the life of the corpus luteum either alone or in con- 
nection with the embryo, which latter as our further experiments 
have shown, prolongs noticeably the life of the experimental 
placentomata (deciduomata). Indeed experiments which I 
carried out some time ago have shown that the development of 
deciduomata without the development of an embryo is able to 
prolong the sexual period; while normally the sexual cycle in the 
guinea pig has a duration of from 15 to 18 days, it lasts from 20-30 
days after production of deciduomata.? Whether as a result of 
these experimental interferences also the life of the corpus luteum 
is prolonged will have to be still further investigated. 

Our observations are furthermore of significance for the inter- 
pretation of certain structures, which I found in about 5 per cent. 
of the ovaries of young guinea pigs.’ 

In as much as these structures become absorbed after a certain 
time and are substituted by connective tissue, these structures 


1 Zentralblatt f. Physiol., Bd. XXIV., Nr. 6; Medical Record, June 25, 1910. 

2 Leo Loeb, BroLocicaL BULLETIN, Vol. XXVII., July, 1914. 

* Arch. f. mikrosk. Anatomie, Bd. 65, 1905; Roux’s Archiv, Bd. XXXII., p. 662, 
1911; Zeitschrift f. Krebsforschung, 11. Band, 2. Heft, 1912. 
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must in fact occur more frequently than the direct findings 
suggest. We have to deal with formations which resemble closely 
structures of the embryonal placenta, and they originate in 
ovarian follicles. They are either well preserved or are found in 
the process of retrogression and in the end are substituted by 
connective tissue. In two cases I was able to find besides em- 
bryonal structures proper, for instance the Anlage of the nervous 
system. It had been known previously and I myself had de- 
scribed processes which had to be interpreted as the first seg- 
mentations of eggs in atretic follicles which in consequence of 
the abnormal conditions under which they took place followed as 
might have been expected an abnormal course.' The interpre- 
tation that we have to deal merely with the disintegration of the 
ova can be excluded with certainty. Such an interpretation 
would be contradicted by the regularity of the divisions. Fur- 
thermore we may find in these various segments either nuclei or 
the remnants of nuclear spindles and I was able to observe the 
simultaneous presence of a mitosis in each one of the two such 
segments. These segmentations also are found chiefly in the 
ovaries of the young guinea pigs. A somewhat furthergoing 
formation of the first segments in ovarian eggs has recently been 
described in armadillo by Newman.? 

In all these cases we have merely to deal with the first parthe- 
nogenetic segmentations of the ovum, while our observations in 
the ovary of the guinea pig prove a much furthergoing develop- 
ment leading to the formation of embryonal placenta and of 
embryos in the stage of the germ layers within the ovary. It is 
of course natural, as I emphasized on a former occasion, that 
under these abnormal conditions the processes of developmént 
cannot follow an altogether normal course, and it was therefore 

1Leo Loeb, “On Progressive Changes in the Ova in Mammalian Ovaries, 
Journal of Medical Research, Vol. V1., 1901. Arch. f. mikrosk. Anat., Bd. 65, 1905. 

?H. H. Newman, BIOLOGICAL BULLETIN, XXV., p. 52, 1913. It may be espe- 
cially emphasized that our interpretation of the placental and embryonal structures 
found by us in the ovaries of guinea pigs does in no way depend on the interpreta- 
tion of those changes in the ova within the ovaries of the guinea pig which in common 
with previous authors we held to be early abnormal segmentations of ova, while 


a number of other investigators interpreted them as of a degenerative character. 


There can be no doubt about the presence of further developed embryonal 
structures in the ovaries of guinea pigs. 
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desirable that a confirmation of our interpretation of these ovarian 
structures should be obtained. The findings which we have just 
communicated offer the desired confirmation. In our new ob- 
servations we have also to deal with embryonal structures found 
in the peritoneal connective tissue and developing in an abnormal 
situation without being aided by the host tissue through the 
formation of a decidua. We have of course to consider the fact 
that in the ovary the limitation of space is still more marked than 
in the connective tissue on the outer side of the fallopian tube and 
of the uterus. In both cases the placental structures preponderate 
over the embryonal ones proper; in both a retardation in the de- 
velopment is found and a preponderance of certain placental struc- 
tures. Such favored structures are the layers of cuboidal cells, 
lining cavities, forming papillary excrescences into these cavities 
and surrounded at the periphery by giant cells which latter pene- 
trate in both cases into the surrounding tissue, especially around 
the blood vessels, the wallsof which they may perforate, thus giving 
rise to hemorrhages. The identity of both formations, namely of 
the experimentally produced extrauterine pregnancy which we 
have just described and of the embryonal structures developing 
parthenogenetically in the ovary becomes quite evident, when 
one compares the microscopic sections of both of these formations. 
The microphotographs and the drawings also show the similarity. 

The similarity of the embryonal structures proper becomes 
clear through a comparison of Figs. 2, 3, and 6 in the former 
communication (Zeitschrift fiir Krebsforschung),| and of Figs. 
2 and 3 in the present communication. The similarity of 
the placental structures is made evident through a comparison 
of drawings 1,2 and 4 inthe Archiv f. mikrosk. Anatomie,? of the 
Figs. 10, 12, 14 and 15 in the Zeitschrift fiir Krebsforschung with 
Figs. 4 and 5 of the present article. On several of these former 
figures there were also represented the relations of the wandering 
giant cells to the blood vessels and the hemorrhages resulting 
therefrom. 

Our new observations render it therefore certain that a fargoing 
parthenogenetic development of ova takes place in the ovaries of a 


1 Loc. cit. 
? Loc. cit. 
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relatively large number of guinea pigs, leading in the first place to 
the formation of placental structures, in some cases however also to 
the formation of embryos in the stage of the germ layers. We have 
discussed the possible causes for this parthenogenetic develop- 
ment on another occasion.! We have perhaps to deal with a 
development which is caused by changes in the circulation and 
in the exchange of gases at the time and in consequence of the 
rupture of follicles. 

Such an explanation would be in accordance with the fact that 
the first segmentations of the ovum in the ovary of the guinea 
pig are found especially in atretic follicles, that the segmentations 
set in with beginning atresia and then gradually progress. Now 
we know that the atresia of follicles is more marked, than at any 
other time, at the time of ovulation.?. In this connection it is 
especially worthy of notice that the first segmentations of the 
ova in the ovary as well as the furthergoing _ parthenogenetic 
development, which leads to the formation of embryonal and 
placental structures, is preferably found in the ovaries of young 


animals. The latter, however, occurs occasionally also in some- 


what older guinea pigs. In such cases we may perhaps have to 
deal with structures which originally developed in younger an- 
imals, which then however had remained stationary for a longer 
period of time. 

We have still to discuss the significance of these structures for 
the interpretation of certain pathological formations, namely the 
embryomata and the chorion epitheliomata of the female germ 
gland. The large majority of pathologists assume in agreement 
with the suggestion of Bonnet and Marchand that these patho- 
logical structures take their origin from misplaced blastomeres 
and not from the parthenogenetically developing ovum. As I 
formerly emphasized* our observations make it very probable 
that such pathological formations originate from parthenogenetic- 
ally developing ova. They are therefore the “descendants” and 
not the “‘brothers”’ of the organism in which they originate. We 
may assume that in certain cases the parthenogenetic develop- 

1 Leo Loeb, Proceedings Am. Philosophical Society, Vol. L., p. 228, 1911. 


2 Leo Loeb, Journal of Morphology. 
3 Zeitschrift f. Krebsforschung, loc. cit. 
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ment of ova leading to these pathological structures begins only 
after birth. In a similar manner as we saw that embryonal 
placenta as well as the embryo proper can develop from the 
parthenogenetically segmenting ovum and that the embryonal 
placenta can be formed without the simultaneous development of 
the embryo proper, thus chorion epitheliomata may originate in 
the ovary without any accompanying embryonal structures 
proper. In other cases however there develop mainly the em- 
bryonal structures proper or certain of their parts. 

This conception of these structures explains the fact that they 
are mainly found in the germ glands. On the other hand, there 
exists no reason, why we should expect that aberrant blastomeres 
should mainly be found and develop at this place. Furthermore 
I have never been able in the many hundreds of ovaries of guinea 
pigs which I have examined microscopically to find a structure 
resembling a misplaced blastomere. 

We still have to explain why these structures are occasionally 


also found in the male germ glands and especially, why teratomata 
occur also, although less frequently, at other parts of the body, 


outside of the germ glands. As far as their occurrence in male 
germ glands is concerned, it might be explained by the fact that 
in a certain number of cases cells of both sexes may be found in 
the same individual, that therefore true hermaphroditism occurs. 
That this is not so rare an occurrence as has been assumed has 
recently been shown by L. Pick.1 We have perhaps also to 
consider the possibility that at a certain stage of development 
also the male germ glands are capable of developing in a similar 
manner as the ova. However at the present time there exist no 
facts supporting such an hypothesis. 

We know furthermore that in the course of embryonal de- 
velopment the germ’ cells migrate. It is therefore conceivable 
that occasionally one of their number may follow a wrong path 
and thus give origin to the formation of the teratomata outside of 
germ glands. While we are thus able to explain the origin of 
these structures on the basis of a parthenogenetic development 
of ova we do not intend to deny the possibility that under certain 
conditions irregularities in the embryonal development may lead 


1 Cited from a review in the Miinch. med. Wochenschrift, 1913. 
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to the transformation of blastomeres or of remnants of not fully 
differentiated embryonal tissues into teratomata, an hypothesis 
which would be in accordance with the finding of misplaced 
blastomeres by W. Roux in the course of the embryonal develop- 
ment of amphibian eggs. 


SUMMARY. 


1. It is possible in the case of guinea pigs to produce experi- 
mentally the first stages of an extrauterine pregnancy. 

2. In a similar manner, as in the case of guinea pigs experi- 
mental interferences of various kinds are not able to call forth 
the production of deciduomata in the connective tissue outside 
of the uterine mucosa after the discharge into the circulation of 
the sensitizing substance which is secreted by the corpus luteum, 
the developing ovum is unable to call forth a decidual reaction. 

3. Under the conditions produced by us experimentally the 
development of the embryo is very much retarded and will in all 
probability come to a standstill after some time. Neither does 
the embryonal placenta develop in an entirely normal manner, 
although quantitatively the embryonal placental structures 
preponderate considerably over the embryonal proper. It is very 
probable that the lack of the decidual and of the typical blood 
vessel reaction on the part of the host connective tissue is the 
cause of this abnormal development. In man an extrauterine 
decidua can develop and accordingly here a fully developed 
extrauterine pregnancy is not rare. As we have shown pre- 
viously the effect of the extirpation of the corpora lutea on the 
formation of the decidua and on the development of pregnancy 
is approximately parallel. This is an additional fact which 
renders probable the significance of the decidual reaction for the 
complete development of the extrauterine pregnancy. The 
decidual reaction is at least one of the conditions which has to 
be considered in this connection. 

4. Notwithstanding the presence of a young, developing em- 
bryo in the extrauterine connective tissue a degeneration of the 
corpora lutea and a new ovulation took place in the ovary. This 
proves that the persistence of the corpora lutea during pregnancy 
does not depend upon a substance secreted by the embryo; it is 
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probable that the growth of the decidua perhaps in combination 
with the growth of the embryo prolongs directly or indirectly 
the life of the corpora lutea during pregnancy. Thus far ex- 
periments, which we have carried out in order to decide this 
question, have shown that the presence of living and growing 
deciduomata prolongs the sexual period; furthermore that preg- 
nancy prolongs the life of the deciduomata. Further investiga- 
tion will decide whether or not these effects are exerted indirectly 
by means of the corpus luteum. 

5. Our experiments render it certain that the structures which 
we found in a considerable number of guinea pigs and which we 
formerly interpreted as early stages of parthenogenetically 
developed pregnancies in the ovaries of guinea pigs really represent 
a relatively far going parthenogenetic development of ova which 
may lead to the formation of embryos in the germ layer stage 
which however usually leads merely to the formation of an em- 
bryonal placenta probably as a response of the developing ovum 
to the influence exerted by the contact with the surrounding 
host tissue. We show furthermore the significance these findings 


have for the interpretation of the teratomata and chorionepi- 
theliomata of the germinal glands. 
6. The embryonal wander cells destroy outside as well as within 
the wall of the uterus bloodvessels of the surrounding host tissue 
in the ovary as well as in the peritoneal connective tissue and 
they thus cause hemorrhages in the surrounding host tissue. 





SOME CRYOSCOPIC AND OSMOTIC DATA. 
WALTER E. GARREY. 


Subsequent to the publication in 1905 of data on “‘ The Osmotic 
Pressure of Sea Water and the Blood of Marine Animals, etc.,’’ (1) 
the author has had occasion in the course of his other investiga- 
tions, to make numerous determinations of the freezing point of 
various sea waters, solutions and bloods; this method having 
been used to check up other methods of obtaining solutions of 
known osmotic pressures. Someof the data thus acquired have 
been correlated, and although somewhat fragmentary, they are 
published in hopes that they may facilitate the work of other 
biologists. 

The determinations have been made with the Beckmann 
apparatus and a differential thermometer, which could be read 
accurately to 0.005° C. When it is remembered that the de- 
pression of the freezing point (A) of a gram-molecular solution of a 
non-electrolyte is (theoretically at least) 1.85° C. below zero, 
that this depression corresponds with an osmotic pressure of 22.4 
atmospheres (at o° C.), and that the osmotic pressures vary di- 
rectly with the depression of the freezing point, it is seen that the 
osmotic pressure of any solution may be calculated from the 
simple formula: osmotic pressure = 22.4 a. A/1.85. 


SEA WATERS. 


Sea waters are not solutions of absolutely fixed chemical com- 
position, nor have they a constant concentration. While the 
ratios of certain salts are quite constant, there are other variations 
such as the content of absorbed oxygen and carbon dioxide and 
even of the fixed carbonates. J. Loeb (2) has called attention to 
the fact that the free alkalinity, 7. e., the number of HO ions, is 


distinctly higher in the sea water at Woods Hole than at Pacific 
Grove. 


1 From the Physiological Laboratory of Washington University, St. Louis. 
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The figures for the depression of the freezing point (A) given 
in Table I. indicate the wide range in concentrations in sea waters 
of different localities. 


TABLE I. 


Sea Water from: ee Observer. Reference. 


Naples : Bottazzi Arch. ital. de biol., 1897, XXVIIL., 61. 

Arcachon , Rodier Trav. des Lab. d’Archachon, 1899. 

Pacific Grove, Cal... .. , Greene’ Bull. U. S. Bureau Fisheries, 1904. 
XXIV., 429. 

Pacific Grove, Cal... .. f Garrey (BroL. BULL., 1905, VIII., 257. 

Woods Hole " “i BioL. BULL., 1905, VIII., 257. 

Beaufort, N. C ’ e LQIl. 


Helgoland . Dakin Bio-Chem. Jour., 1908, 269. 
In the Kattegat si 
Open Baltic Sea 4 = 
Kiel harbor - 


In the following sections further details obtained by the author, 
by means of the cryoscopic method, are given for sea waters of 
some American localities. 

(a) Woods Hole.—Determinations made during the summer of 
1904 have been previously reported (Joc. cit., pp. 258-259) show- 
ing the freezing point to be slightly variable between — 1.805 and 
—1.84° C. The average of determinations made the latter part 
of July of six different years gave an avérage A = — 1.81° C.,,. 
with which, as will be seen from succeeding data, the following 
solutions are isosmotic: Sodium chloride, 0.52 m; Magnesium 
chloride, 0.29 m., cane sugar, 0.73 m. ‘‘Van’t Hoff’s solution,” 
made from m/2 stock solutions, had a freezing point of — 1.84°C.., 
this is so slightly in excess of the concentration of Woods Hole 
sea water that it may be considered isosmotic with it. This 
“Van’t Hoff’s solution”” was made up from half molecular solu- 
tions according to the formula given by J. Loeb, (3) viz: 100 mole- 
cules NaCl, 2.2 molecules KCl, 1.5 molecules CaCls, 7.8 molecules 
MgCl, and 3.8 molecules MgSO,. The traces of bicarbonate 
and phosphate were omitted from the solution, but when added 
in optimum amounts (e. g., I c.c. N/20 NaHCO; per 100 c.c. 
solution, as in the procedure of Loeb, p. 35), the solution becomes 
exactly isosmotic with Woods Hole sea water. 

(b) Pacific Grove-—Green in 1904 made freezing point deter- 
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minations of the Pacific Grove sea water and found that A= 
— 1.924° C. Garrey in 1905 made determinations, obtaining a 
slightly lower value for A viz., —1.905° C. On the basis of either 
of these figures, it is seen that the sea water in this locality is 
about 5 per cent. more concentrated than at Woods Hole and 
that a correction for this amount must be made if the osmotically 
equivalent solutions are to be calculated from the figures given in 
the previous section (a). 

(c) Beaufort, N. C_—Working in the laboratories of the U. S. 
Bureau of Fisheries during the summer of 1911, the author made 
the following observations of the freezing point of sea water 
obtained at different localities in that vicinity and under different 
conditions as described in Table II. 


TABLE IT. 


| a=C. 


19rr, Beaufort, N. C. 


June 8 |Open sea, outside ‘Sea Buoy” | — 2.043 


Wharf of U.S.F.C...........] —1.987 |11:40 a.m.—tide low, N.E 


wind, previous showers. 
Wharf of U.S.F.C ‘i 4:00 p.m. tide high 
July Wharf of U.SiP.C.... «0.0.2 0.000) 
“* ‘Open sea, at “Sea Buoy”’..... 
Wharf, U.S.F.C i 9:15 a.m., tide low 
NS, MR 60008 4.6:0.0.0.0'0:6.0:8 ; 3:00 p.m., tide high 
Bogue Sound 


Wharf U.S.F.C .079 |Tide low, strong south wind 
| 


TI, To. sera sa. scoiereinin 4 | Tide low 
Newport River, at ‘“Cross| 


From these figures it is seen that the open sea water off Beau- 
fort has a A = — 2.04° C., and is 12 per cent. more concentrated 
than at Woods Hole. 

(d) Diluted Sea Water.—The constant necessity for the use, in 
biological investigations on marine forms, of diluted sea water 
and corresponding concentrations of pure salts, has led the 
author to make the determinations found in Table III. Various 
dilutions of Woods Hole sea water were made and the freezing 
points determined. In most cases the densities at these dilutions 
have also been determined by the pycnometer method. The 
figures given in the table are all from actual determinations made 
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by the author; when not given they may be approximated by 
interpolation.! 


TABLE III. 


Dilution : Densities of Sea | 1 wi 
. N : ’ 
Woods Hole Distilled 0c | Want | oom 
Sea Water + Water . at a1.5°C. (Ref. | r 


“ of Solution. 
c, cm. c, cm, H,O at 21.5°C.) | 


Undiluted ° Q 1.02426 3.04 
85 c.c. 15 c.c. ‘ 2.6 
a +" — . 2.275 
66% 336 ‘ 2.00 + 
60 40 y 1.81 
50 50 -QOIs 1.58 
45 55 : 1.4 
40 60 ¥ 1.21 
35 65 ‘ 1.07 
334 663 j M 1.02 
32 68 i 1.00 
30 70 s 0.91 
25 75 | 0.76 
20 80 * . 0.60 

90 ¥ 0.30 











CANE SUGAR. 


Attention should be directed to a fact to which Jones (4), 
Morse and Fraser and Berkeley and Hartley have called atten- 
tion, viz., that cane sugar solutions show osmotic pressures 
considerably in excess of what theory would lead one to expect. 
Loeb has shown the importance of this fact for biological work (5). 
From purely theoretical considerations one would expect a molar 
(gram-molecular) solution to show an osmotic pressure only 
slightly in excess of that of Woods Hole sea water. Loeb found 
that it caused a shrinkage of the eggs of the echinoderms even of 
the Pacific, and his experiments caused him to select 6/8 m. cane 
sugar as the proper concentration for the development of Stron- 
gylocentrotus purpuratus. The osmotic pressure of Woods Hole 
sea water by calculation from the freezing point is 21.9 a. (at 
0° C.), a figure which is almost identical with that obtained by 

1 The determinations of Gerlach for NaCl and KC! (Chemiker-Kalender, 1914, I., 
p. 261) and of Schiff for MgCl and CaCl: (ibid., p. 265) show, that, for concentra- 
tions of solutions of the magnitudes with which we are dealing and in which these 
salts are present in sea water, the densities are a linear function of the concentration. 


A plat of our determinations shows the same to be true for both densities and 
freezing points of dilutions of sea water. 
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calculation for 0.75 gram molecular solutions of cane sugar, using 
the measurements of Berkeley and Hartley. Some of our de- 
terminations of the freezing point of solutions of cane sugar 
illustrate their peculiar osmotic behavior.* 

For a gram molecular solution of cane sugar (342.2 grams per 
liter of solution) we found A = — 2.775° C.; for 34 mol. (256.6 
grams per liter) A = — 1.855°, — 1.86° C.; and for % mol. 
‘(171.1 grams per liter) A = — 1.15°, — 1.155° C. For these 
three solutions the theoretical depression of the freezing point 
would be to — 1.85°, — 1.387° and — 0.925° C., respectively. 
Comparison of these figures shows how much in excess of the 
theoretical osmotic pressure, that of these solutions really is. 
Morse and Fraser have pointed out that the correspondence with 
the theoretical expectations is greater, if ‘weight normal” 
solutions are used, 7. e., if the substance is present in a liter of 
the solvent, instead of this volume of the solution. This does 
not account, however, for the full amount of the discrepancy 
found. To illustrate this: It was found in our experiments that 
in making a gram-molecular solution by dissolving 17.11 grams 
of cane sugar in 50 c.c. of the solution (15° C.), it was necessary 
to add only 39.4 c.c. of distilled water; A was — 2.775° C. Had 
50 c.c. of solvent been used to make the corresponding ‘‘ weight 
normal”’ solution, A would have been — 2.187° C2 This figure 
exceeds the theoretical A (— 1.85° C.) by 0.337° C., which is 
probably to be accounted for by hydration of the sucrose molecule 
(Callendar (6)). 

In the figures given above it is to be noted that the A of .75 
mol. solution of sucrose (— 1.855° C.) is that which theory expects 
of agram molecular solution, and its osmotic pressure lies between 
that of the sea water at Woods Hole and Pacific Grove. By 

1 The measurements of Berkeley and Hartley were made using other concen- 
trations. The original figures of these workers as also those of Morse and Fraser 
et al. are given in the ‘‘ Physikalisch-chemische Tabellen,’’ Landolt, Bérnstein and 
Roth, 4th ed., Table 179, p. 787. Their original papers are referred to, ibid., p. 790. 


2 The sugar used in these experiments was free of all reducing sugars and had 
been twice recrystalized from glass-distilled water with subsequent drying in 
vacuo. 

* Calculation of the freezing point of a molecular ‘“‘weight normal"’ solution, 
based upon Morse’s figure for the observed osmotic pressure (24.8 a. —o° C.) 
gave a slightly lower figure, viz.: A = — 2.048° C. 
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extrapolation we obtain the following figures for the concentra- 
tion of sucrose; isosmotic with sea water of: 


1. Woods Hole 0.73 m. (4 = — 1.81° C.) 
2. Pacific Grove = 0.765 m. (A = — 1.90° C.) 
3. Beaufort = 0.81 m. (+) (A = — 2.01° C.) 


SALT SOLUTIONS. 


(a) Sodium Chloride—In addition to the freezing points 
of solutions given in Table III., the following have been deter- 


TABLE IV. 


NaCl, Molecular . 
Concentration, Made by 4 = °C. 


0.65 . —2.255 

0.65 » mart. —2.35 

0.65 . 22°C. —2.50 Made in a flask standardized to 
rs° C. 

0.60 ; —2.11 

0.58 ; —2.03 Isosmotic with Beaufort Sea 
water 

0.54 ‘ —1.90 Isosmotic with Pacific Grove Sea 
water 

0.54 ° —1.895 

0.52 ‘ —1.81 Isosmotic with Woods Hole sea 
water. 

0.50 L. —1.735 

0.50 L. —1.74- 

0.50 ‘ —1.745 

0.50 , —1.75 

0.50 ° —1.765 

0.50 ; —1.745 

0.444 . 1.54 


mined by the author on solutions made up by different com- 
petent workers. The concentrations chosen were somewhat 


TABLE V. 


MgCl, Concentra- . 
. ‘tion.1 se A=°C, Remarks, 


0.50 molecular — 2.845 

0.36 ci — 2.03 Isosmotic with sea water at Beaufort. 

0.35 —1.985 

0.31 —1.895 Isosmotic with sea water at Pacific Grove (or 0.32 
m. according to Greene’s determination). 


0.30 —1.85 
0.29 —1.815 Isosmotic with sea water at Woods Hole. 


0.10 —0.495 Dissolved in 100 c.c. of distilled water (not of 
__ solution). 


1 Concentration referred to volume of solution, not of solvent. 
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to either side of those isosmotic with the sea waters of our coast 
laboratories. 

(b) Magnesium Chloride.—In solutions of this salt some of 
the molecules are dissociated into three ions, which accounts 
for the fact that the osmotic pressure is greater and consequently 
the depression of the freezing point is lower, than that of equi- 
molecular solutions of sodium chloride. The following commonly 
employed solutions have been tested (cf. Table V.). 


ANIMALS. 


In addition to data previously published by the author (loc. 
cit., p. 263), several determinations have been made on the blood 
of animals of the waters of the American coast, and inland rivers. 

(a) Limulus polyphemus.—In the work referred to it was 
shown that under experimental conditions the blood of this 
animal, like that of other marine invertebrates varies to conform 
in concentration to that of the external medium. We have 
since found that this is true in the natural habitat of these ani- 
mals, thus at Woods Hole (1904) the blood of Limuli depressed 
the freezing point like sea water, to — 1.82° C. At Beaufort, 
N. C., July 20, 1911, the water of the Fisheries ‘‘pound’”’ froze 
at — 2.03° C. The blood of four Limuli taken from this water, 
in which they had been kept for several weeks, showed the fol- 
lowing freezing points, respectively, — 2.025°, — 2.03°, — 2.04° 
and — 2.35° C. In the case of another Limulus captured at 
“Cross Rocks” in the Newport River, near Beaufort, September 
8, 1911, the blood A = — 1.71° C. while the water at that 
place depressed the freezing point to — 1.707° C. Such readings 
taken from animals under natural conditions established the 
absolute identity of osmotic pressure of the external and internal 
media despite the differences in their composition. 

(6b) Elasmobranchs.—A shark seven feet in length (not identi- 
fied) was captured in the Fish Commission nets at Beaufort, 
July 27, 1911; the sea water froze at — 2.02° C.; cryoscopic 
readings of the blood from the heart and portal vein, withdrawn 
immediately after death, were identical, within 0.01° C., and 
showed A to be — 2.182° C., which again is practically identical 
with that of the Beaufort sea water taken in the neighborhood 
of the fish trap on that date. 
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The A for this elasmobranch is larger than for those tested at 
Woods Hole by the author and later by Scott (7). The figures 
indicate an adjustment to the greater concentration of the sea 
water at Beaufort, a fact which is also borne out by determina- 
tions made on the blood of ‘sting rays,” the blood of four of which 
at Beaufort gave A = — 1.98°, — 2.04°, — 2.03°, — 2.07° C., 
respectively. These depressions are not greater than that of the 
sea water from which the animals were taken although both the 
author and Scott found a slightly greater depression for the blood 
of the dog fish (Mustelus canis) of Woods Hole than for the sea 
water of the laboratories; this water is, however, somewhat less 
concentrated than the water outside the heads. 

(c) Marine turtles —The defibrinated blood of three species 
of marine turtles' caught at Beaufort in 1911 was frozen and the 
A thus determined for each individual is as follows: 


Chelonia mydas A = — 0.675° C. 
Colpochelys kempi A = — 0.687°, — 0.70°, — 0.70° C. 
Caretta caretta A = — 0.69°, — 0.69°, — 0.685° C. 


In the cases of two carettas obtained at Woods Hole in 1913, the 
A found was identical with that given above. These depressions 
(A) are, in all cases, greater than those obtained by Bottazzi 
for ‘‘Thalassochelys caretta” (A = — 0.61°) although it is 
worthy of mention that the waters from which our animals were 
taken were, if one can judge from Bottazzi’s writings, less con- 
centrated than that from which his specimens were obtained; 
if any adjustment to aqueous media were to take place it would 
be in the direction opposite to that indicated by the above figure. 
It is certainly true, however, that the blood of fresh water and 
land turtles shows a depression of the freezing point which is 
distinctly less than that of marine turtles; Bottazzi found A 
for Emys europa = — 0.463° to — 0.485° C., while for Pseudemys 
elegans of the Mississippi Valley we obtained a depression in 
which A = — 0.48° C. These figures are so much below those 
obtained with the blood of marine turtles that they would seem 
to indicate the possibility of some degree of adjustment to the 
concentration of the external medium; on the other hand it is a 


1 The author is indebted to Mr. Hay for the identification of these animals. 
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fact that the land turtles do not show a more concentrated blood 
than do those which live mainly in fresh water. 

This point was put to the experimental test upon the marine 
turtles, Colpochelys kempi and Caretta caretta; the last figure in 
the previous data given above for each of these species was ob- 
tained, with the blood of a specimen which had been kept for 
two months in a tank containing fresh water. There was ab- 
solutely no change in the concentration of the blood of these 
individuals, and we feel justified in concluding that adjustments 
of the nature of those under consideration do not take place in 
these forms at least not within the duration of our experiments. 

(d) Fresh Water Fish.—Preliminary to a study of the effects 
of osmotic and saline media upon fresh water fish (soon forth- 
coming) it was desirable to know the osmotic pressure of the 
blood of forms taken from the Mississippi river. The following 
list contains some forms peculiar to this region on which no data 
have hitherto been given. 


. Polyodon spathula = — 0.492°, — 0.486°, — 0.50° C. 
. Scaphirhynchus platyrhynchus = — 0.505°, — 0.507°, — 0.503° C. 
. Lepidosteus osseous (L.). (““Gar’’) = — 0.487° to — 0.52° C. 

. Amia calya (L.) (land locked) = — 0.508° C. 

. Catostomus teres = —0.51° to — 0.52° C. 

. Perca fluviatilis = — 0.498° to — 0.51° C, 


Fresh water ganoids are seen to have blood which is identical 
in concentration with that of fresh water teleosts. All have blood 
less concentrated than that of any of the marine fishes and it is 
conceivable that in the case of these animals some adjustment to 
environment has taken place; such adjustments are known for 
marine fish as has been shown by the author (1) and others (Fréd- 
ericq, Bottazzi, Dekhuysen (8), Dakin, loc. cit.). 
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CONCERNING BRACHET’S IDEAS OF THE ROLE OF 
MEMBRANE FORMATION IN FERTILIZATION.! 


JACQUES LOEB. 


1. Arecent publication by Brachet? seems to make it necessary 
to discuss once more the relation between membrane formation 
and development. The writer had shown in 1895 that if oxygen 
is completely withdrawn from the fertilized sea urchin egg no 
development is possible, while the moment oxygen is admitted the 
development can begin again. As he had suggested in 1906 and 
as has since been proved by O. Warburg, and H. Wasteneys and 
the writer, the entrance of the spermatozoén into the egg of the 
sea urchin increases the rate of oxidations in the latter (by 400 or 
600 per cent). The entrance of the spermatozoén causes also a 
membrane formation which is very marked in the fresh egg and 
is generally less marked or may appear to be absent if the egg 
has been lying in sea water for a day or more. It has been 
shown, moreover, that the artificial production of a membrane in 
the unfertilized egg by butyric acid has the same influence upon 
the increase of the rate of oxidations as the entrance of the 
spermatozoén. These and other facts seemed to support the 
view of the writer that an alteration of the surface of the egg, 
which usually but not necessarily results in a membrane forma- 
tion, is an essential feature of the development of the egg. 

More recent experiments by Warburg’ have made it very 
probable that the process of oxidations in the sea urchin egg is 
a case of catalysis by iron, which is confined mainly if not ex- 
clusively to the surface; and this fact, in connection with the data 
mentioned above, seems to indicate that the process which under- 
lies membrane formation in the unfertilized egg may consist in 
bringing about or rendering possible the iron catalysis which is 

‘From the Rockefeller Institute for Medical Research, New York. 


2 Compt. rend. l’'Acad. d. sc., CLIX., 642, 1914. 
8’ Warburg, Zeitschr. f. physiol. Chem., XCII., 231, 1914. 
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responsible for the sudden increase in the rate of oxidations after 
artificial or natural membrane formation. Since fertilization by 
sperm is accompanied by a membrane formation and followed by 
the same increase in the rate of oxidations as is artificial membrane 
formation by butyric acid, it is probable that the alteration of the 
surface (underlying membrane formation) is also the cause for 
the increase in the rate of oxidations in the process of natural 
fertilization. 

2. The writer has time and again stated that the formation or 
non-formation of the fertilization membrane is of only secondary 
importance; what matters are the physicochemical changes 
which underlie the membrane formation and which are responsible 
for the sudden rise in the rate of oxidations of the sea urchin egg 
after artificial or natural membrane formation; and which may 
even occur when for some reason the fertilization membrane is 
modified or when its formation is entirely suppressed. There is 
no doubt that in the writer’s first experiments with the purely 
osmotic method, the fertilization membrane was often very 
indistinct or in some cases even completely lacking, while 
nevertheless the enormous increase in the rate of oxidations and 
development to the pluteus stage ensued.' 

It is possible to modify the surface of the unfertilized egg in 
such a way that if it is later fertilized by sperm the abnormal 
character of the membrane formed, or the abnormal conditions 
of the surface, may lead to the death of the egg. The writer 
described such a case in 1909.2 When the unfertilized eggs of 
Strongylocentrotus were treated for five minutes with a hyper- 
alkaline solution of NaCl (50 c.c. m/2 NaCl + 1.0 c.c. N/tIo 
NaOH) and then transferred to normal sea water to which sperm 
was added, the eggs were all fertilized but apparently without 
membrane formation, though in reality probably with a tightly 
fitting membrane. They all segmented but perished in the 
blastula or gastrula stage. When, however, the eggs were not 
fertilized immediately after the treatment with alkali but after 

1 The literature of the subject can be found in the writer’s recent book on 
“Artificial Parthenogenesis and Fertilization,’’ Chicago, 1913. 


2 Loeb, “‘ Die chemische Entwicklungserregung des tierischen Eies,"’ Berlin, 1909, 
p. 117. 
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they had been in the sea water for one hour or more, a more 
normal membrane was formed and the eggs developed into plutei. 
Why did the eggs only live to the blastula or gastrula stage when 
they were fertilized immediately after the alkali treatment? 
Should this have had something to do with the abnormal char- 
acter of the membrane which was formed when the egg was fer- 
tilized immediately after the alkali treatment? Were the cells 
pressed by the membrane which was too tight, and did this 
pressure kill them if prolonged? If this were the case, a tearing 
of the membrane should save the life of the egg. It would be of 
interest to try this experiment. 

3. In a recent number of the Comptes rendus de l’ Académie des 
Sciences, Brachet has published an observation which may or 
may not be similar to the one just mentioned. He found a year 
ago that if the eggs of the sea urchin, Paracentrotus lividus, at 
Roscoff, are put for two hours in contact with sperm of Sadellaria 
alveolata (which cannot fertilize the eggs) and if they are after- 
wards fertilized with sperm of their own species, they develop 
without apparently forming a fertilization membrane. From 
this Brachet concludes that the formation of a fertilization 
membrane is not necessary for development, a conclusion which 
will surprise nobody who is familiar with my first experiments on 
artificial parthenogenesis, or who has ever fertilized eggs which 
have been lying in sea water for several days. Moreover, Brachet 
observed that the sea urchin eggs which are fertilized with sperm 
of their own species, after two hours’ treatment with the sperm of 
Sabellaria, die at the time of gastrulation. The prolonged treat- 
ment of the eggs of Paracentrotus with the sperm of Sabellaria 
seems therefore to have a similar effect as the short treatment of 
the egg of Sirongylocentrotus with the alkaline NaCl solution in 
my experiments. 

4. The deductions which Brachet draws seem, however, difficult 
to reconcile with each other. We stated already that he assumes 
that the eggs of Paracenirotus after two hours’ treatment with 
the sperm of Sabellaria form no fertilization membrane after 
fertilization with their own sperm. Yet, he states further that 
these eggs die in the gastrula stage for the reason that they cannot 
hatch; for if he shakes the eggs and thereby destroys “‘la couche 
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corticale” the larve can hatch and are now able to develop into 
plutei. The only membrane, however, which can prevent the 
eggs from hatching is the fertilization membrane, and it is im- 
possible to harmonize the two statements of Brachet, first, that 
these eggs have no fertilization membrane and, second, that the 
gastrulae cannot hatch unless the membrane of the egg is pierced. 
Professor Goldschmidt, to whom I showed Brachet’s paper sug- 
gested that Brachet probably means by “couche corticale’’ the 
hyaline membrane (Herbst’s ‘ Verbindungsmembran’’) which 
surrounds the blastomeres and that he assumes erroneously that 
this hyaline membrane forms a continuous layer around the 
blastula in the same way as the fertilization membrane does. 
This is, however, not the case since the hyaline membrane par- 
ticipates in the process of segmentation and forms a distinct layer 
around each individual blastomere, but not a continuous envelope 
around the whole blastula. 

Brachet’s observation is intelligible on the assumption that the 
egg after it has been treated with the sperm of Sabellaria forms 
a very tightly fitting membrane when it is fertilized with its own 
sperm and that this membrane must be torn by shaking the 
egg in order to allow the blastula to hatch (or to escape from 
being killed by the mechanical pressure of the tightly fitting 
membrane?). Brachet found also that it is possible to sub- 
stitute for the shaking of the egg a treatment with butyric acid, 
which as he assumes also tends to remove the obstacle to the 
hatching. This may be correct, but unfortunately he draws 
the further conclusion that the butyric acid treatment must have 
the same effect upon the unfertilized egg as upon the fertilized 
egg which has previously been treated with the sperm of Sabel- 
laria. Leaving aside the fact that the unfertilized egg has no 
membrane, it has been shown that the butyric acid treatment 
raises the rate of oxidations of the unfertilized egg about 400 or 
600 per cent., while acid does not increase, but, on the contrary, 
lowers the rate of oxidations in the fertilized egg. Moreover, the 
writer has shown that if a fertilized egg is treated with butyric 
acid, in the same way as is required for inducing artificial parthe- 
nogenesis, the fertilized egg is not injured, while the inducing of a 
membrane formation by butyric acid in the unfertilized egg leads 
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to the rapid death of the latter, if it is kept at room temperature 
and if it does not receive a second treatment either with a hyper- 
tonic solution or lack of oxygen. This case was fully discussed 
by the writer in a recent paper.' It is therefore not justifiable 
to conclude that the action of butyric acid on the unfertilized 
egg must be identical with the action of the same substance on a 
fertilized egg, treated beforehand with the sperm of Sabellaria. 

Should it be possible that Brachet’s ‘‘couche corticale” is the 
chorion or the “‘jelly’’ which surrounds the unfertilized egg? 
But this jelly is normally dissolved when the egg is fertilized. It 
might be conceivable that the sperm of Sabellaria causes a harden- 
ing and a contraction of this jelly which protects it against being 
dissolved by the sperm of the sea urchin and that subsequent 
shaking or a subsequent treatment with acid destroys this jelly. 
But granted this were the case, it would be erroneous to use 
experiments on an artificially altered chorion to draw conclusions 
upon the réle of membrane formation in fertilization or artificial 
parthenogenesis. 

The writer wonders how Brachet (or Herlant) are going to 
harmonize the following well-established facts with their views. 
If the eggs of Strongylocentrotus purpuratus are treated with 
hypertonic sea water for about two hours, they form in most 
cases no membrane and nothing happens to them except that a 
certain percentage of them begin to divide very regularly into 
2, 4, 8, possibly 12 or 16 cells and then stop. Such eggs are to 
all appearances in the resting stage and live as long as the other 
unfertilized eggs if nothing is done to them. If they are fertil- 
ized by sperm each blastomere forms a special fertilization mem- 
brane and now each blastomere develops into a blastula or into 
a pluteus, according to the size of the blastomere. They also 
develop into plutei if an artificial membrane formation is called 
forth with the aid of butyric acid. The writer is inclined to 
explain this phenomenon by assuming that the treatment with 
the hypertonic solution called forth two effects, one of which 
was a peripheral change resulting in an increase in the rate of 
oxidations. This effect is, as the writer has shown, reversible 


1 Loeb, ‘‘Weitere Beitrage zur Theorie der kiinstlichen Parthenogenese,’’ Arch. 
f. Entwckingsmech., XXXVIIL., 409, 1914. 
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and was possibly reversed while the eggs were in an early stage 
of development. It seems to the writer impossible to reconcile 
these observations with the purely morphological views of 
Brachet or Herlant. 

Brachet (like Herlant) tries to explain the phenomena of 
artificial parthenogenesis and fertilization without any consider- 
ation of the striking chemical processes that accompany fertiliz- 
ation and artificial membrane formation. He reverts to that 
standpoint of the pure morphologist which Sachs, in his papers on 
“Matter and Form in Plants’’ characterized as “empty formal- 
ism.’ This standpoint disregards the sources of energy in life 
phenomena and treats morphological changes as if they required 
no source of energy. It seems to the writer that the fact of the 
necessity of oxygen for development, the fact that mere mem- 
brane formation (both by butyric acid or by a spermatozoén) 
raises the rate oi oxidations 400 or 600 per cent, and the fact that 
the amount of rise is identical in both cases, are so striking, that 
these facts cannot be ignored in a theory of the réle of membrane 
formation in the development of the sea urchin egg. The writer 
has always considered the changes underlying the membrane 
formation as the essential factor in the initiation of development, 
while he considered the formation of a fertilization membrane 
only as a welcome but not essential indicator of the chemical 
changes in the surface of the egg; afact which Brachet, on account 
of his disregard for the chemical processes, has entirely over- 


looked. Brachet, from his purely morphological standpoint, 
erroneously assumes or makes it appear as if I considered the 


formation of a visible membrane as the only and essential act 
in the initiation of development. 





AN EXPERIMENTAL ANALYSIS OF FERTILIZATION 
IN PLATYNEREIS MEGALOPS. 


E. E. JUST. 


Study of the breeding habits of Platynereis megalops revealed 
the fact, as has been pointed out (Just, '14), that insemination 
takes place in the body cavity of the female and that although 
egg laying begins often but five seconds after copulation, the eggs 
will not fertilize when artificially inseminated after exposure to 
the action of sea-water. It is this failure of sea-water insemina- 
tion that forms the basis of the present contribution to the 
analysis of fertilization in Platynereis. In order clearly to inter- 
pret the phenomena of sea-water insemination a study of the 
morphology of the normal fertilization was made (see Just, 15a). 

The experiments undertaken for the analysis of fertilization 
in Platynereis come under three heads: 

A. Conditions of successful insemination. 

B. Cross fertilization with Nereis. 

C. Artificial parthenogenesis with various agents. 

B and C are taken up mainly because they supplement results 
under A. 


A. CONDITIONS OF SUCCESSFUL INSEMINATION. 


During the summer of 1911, I was studying the maturation and 
fertilization of the Platynereis egg for comparison with those 
processes in Nereis. The methods of insemination used with 
Nereis, cutting out the eggs and sperm in sea-water, gave no 
cleavage. Various trials with the utmost care, using diverse 
methods never gave cleavage. Not until August 24, 1911, did 
I chance to find that normally insemination takes place in the 
body cavity of the female (cf. Just, ’14). 


1. Observations on Eggs Inseminated in Sea-water. 


If eggs and sperm be cut out of Platynereis and mixed in sea- 
water, the phenomena of maturation, sperm attachment, and 
93 
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copulation of the germ nuclei may be readily followed; but such 
eggs do not segment nor do they ever develop into swimming 
forms. 


The Living Egg. 

If insemination be made in a suspension of India ink ground 
up in sea-water, the jelly formation may be easily followed: it 
differs but little from the cortical outflow observed in eggs nor- 
mally laid. All eggs, however, do not secrete this jelly; of these, 
some remain in the germinal vesicle stage and others go through 
maturation with all or part of the cortex intact. 

As in the normally inseminated egg (see Just, 'I5a) no cone is 
present. More often than in the normally laid egg a broad 
plateau of cytoplasm marks the point of sperm attachment. 
The sperm, from one to six, are attached to the membrane above 
this raised cytoplasm or near it. 

Maturation proceeds about as in the normal egg. At matura- 
tion stages slightly later than in the normal egg, the sperm may 
be found in the egg. It moves forward with aster formation. 
The pronuclei meet, remain apposed for a short time, separate, 
and fade from view. This is not true of all eggs; for apparently, 
those in the germinal vesicle stage or in maturation stages with 
cortex intact never engulf the sperm. Moreover, in many eggs 
that are in maturation with the cortical layer gone, one cannot 
find sperm. 

These eggs never divide. At first, 1911, I thought that this 
behavior of the egg was due to injury of the worms. Its sig- 
nificance became clear only after the discovery of the normal 
method of egg-laying. 


The Sectioned Egg. 

During four seasons eggs have been preserved at three and five 
minute intervals upward to two hours after insemination in 
sea-water. Study of the sectioned eggs confirms the findings of 
the study of living eggs. Many eggs remain ovocytes with sperm 
attached or not. Those that go through maturation do so with 
or without jelly formation. Eggs that form jelly are likewise of 
two classes: those in which sperm are found to have penetrated 
and those in which no sperm are found. 
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I have not been able so far to determine any structural differ- 
ences in the ovocytes with and without sperm attached. In the 
case of the eggs that maturate with the cortex wholly or partially 
intact, the spindle may be abnormal. In most cases if it reach 
the periphery of the egg it does so at a point practically devoid 
of cortical cytoplasm. Or again, it may lie parallel to a tangent 
of the egg membrane. 

Those sections which reveal the sperm within the egg are in 
the minority. It appears from experiments several times 
repeated during the four seasons of study that the penetration of 
the sperm depends upon the amount of sea-water used. If the 
eggs be inseminated in a large quantity of sea-water or washed 
(by changing the water several times) very few eggs form jelly. 
With less water more form jelly. Eggs inseminated quickly in 
small quantities of sea-water are capable of engulfing sperm. 

The history of the penetration as known may be briefly given. 
One finds sperm external to the egg at different stages. How it 
gets into the egg I cannot yet state with certainty although this 
point has received most careful study for three years. Material 
has been prepared in every way possible to demonstrate the early 
penetration. So far I have not found the sperm entering the egg 
as a slender thread like that in the normal egg. It can be easily 
demonstrated in the endoplasm. On one slide of the 1911 series, 
for instance, I counted twenty sperm heads with their asters 
lying near the centre of the egg. The sperm head remains for a 
longer time than in the normal egg a black knot with a long 
drawn out thread extending to the single aster. A second aster 
has never been found. The germ nuclei copulate but the eggs 
never cleave. Various stages are found from sixty to one hundred 
twenty minutes after insemination—sixty minutes after cleavage 
in the normal egg. The pronuclei after apposition gradually 
separate and degenerate as discrete nuclear masses. Many eggs 
show only one chromatin mass in process of degeneration; 
doubtless, these are eggs which sperm do not enter. The sections 
of such eggs closely resemble those of Nereis eggs from which the 
sperm have been removed (see Lillie, 12). I have repeatedly 
made observations on living eggs inseminated in sea-water and on 
sections. I have yet to find a single cleaving egg. 
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Two hours after insemination the eggs exhibit cytoplasmic 
stratification ; the oil drops later fuse to form one at the vegetative 
pole. Twelve hours after insemination the conditions are the 
same; there is never a swimming form among these eggs. 


Nature of the Inhibition to Development. 


It may be very clearly shown that sea-water is responsible for 
the lack of cleavage by the method of “dry insemination.” If 
males and females dried on filter paper be cut up separately and 
the drops of eggs and sperm thus obtained be mixed with sub- 
sequent addition of sea-water, a percentage of the eggs always 
cleave and develop into normal trochophores. I have kept larvae 
from such dry inseminations until they were seven mm. long 
with thirty or more segments, few differing from normally laid 
eggs. There is doubtless an optimum time after mixing for the 
addition of sea-water, but any time upward to two minutes 
gives results. The following is an example: 

August 3, 1912. To determine the time interval after mixing 
dry eggs and sperm before adding sea-water. 

Per Cent 
Water Added. of Cleavage. 
+. 60 


. Five seconds after. . 50 


I 
2 
3. Ten seconds after. : 90 
4 


. Twenty seconds after 45 


Practically, as soon as eggs and sperm are mixed, sea-water 
may be added. I have not been able to add sea-water quickly 
enough after mixing to prohibit cleavage. If the eggs are allowed 
to stand two minutes the majority are plasmolyzed by the addi- 
tion of sea-water. 

The amount of sea-water that will permit fertilization has been 
repeatedly determined: 

July 28, 1912, 9:45 P.M. Experiment to determine the maxi- 
mum amount of sea-water that permits fertilization. 

Males and females are thoroughly dried on clean filter paper. 
A male and a female placed in each of the eight perfectly dried 
clean watch glasses. Sea-water added as follows: 
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The worms were then cut up and flooded with sea-water, later 
transferred to fresh sea-water in finger bowls. 

Nos. 1, 2, 3 and 8 gave cleavage; a per cent. of normal trocho- 
phores was found the next morning. In dishes 4, 5, 6 and 7 not 
an egg divided, no swimming forms developed. 

No single observation in the whole work was made as often as 
this; the results are wonderfully precise. As I shall show later 
the experiment quoted was conducted under the optimum con- 
ditions, and yet it shows the inhibiting effect of such a surprisingly 
small quantity of sea-water. All other observations show two 
drops of sea-water for each worm to be the maximum that will 
permit normal fertilization. In no case have I got cleavage where 
two and one-half drops of sea-water for each worm (1. e., five 
drops to two worms) were used. While the same pipette was used 
to secure equal drops, the worms, females particularly, vary in 
size. I have usually taken the average females for these experi- 
ments. Such an animal, as found by actual count in three cases, 
has about 11,000 eggs. There is enough variation, however, in 
the size and weight of the worms to make impossible any law 
concerning the lethal amount of sea-water. I believe, never- 
theless, that there is an optimum time for the addition of sea- 
water—equal to the time the sperm are in the female in normal 
insemination; and an optimum amount of sea-water—about as 
much as the worms will take up after thorough drying. 

The results of these inseminations over a period of four seasons 
prove clearly that sea-water except in minute quantity is fatal 
to fertilization. 


Does Sea-water Injure Egg, Sperm, or Both? 


Three explanations of the failure of Platynereis eggs to cleave 
after insemination in sea-water are possible: 
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(a) Both eggs and spermatozoa are injured by the sea-water. 

(6) The sperm alone are injured by the sea-water. 

(c) The eggs alone are injured by the sea-water. 

The failure of the eggs to go beyond maturation may be due 
to the injurious action of the sea-water on both eggs and sperm 
alike. It would seem reasonable to assume that for internal 
insemination both cells need the perivisceral fluids. It might be 
difficult to conceive how this adaptation in Platynerets could have 
taken place acting on one only of the sex elements. As both eggs 
and spermatozoa are protected by body fluids in normal insem- 
ination, so both are exposed to the lethal action of sea-water. 
Embryologists are all careful when inseminating eggs of forms in 
which insemination normally taken place in the sea not to con- 
taminate the dishes containing ova with the animal’s tissues or 
fluids. Lillie (’13b, ’14) has shown why this is essential. I have, 
however, repeatedly with success fertilized Nereis eggs dry (see 
Just, 150) doubtless because the body fluid of Nereis is practically 
negligible. And the case of Platynereis is similar to that of 
Nereis; in this smaller worm there is no more fluid; the female 
is a mere locomotor ovary, although the male does have a small 
amount of fluid and a great number of corpuscles. 

The second possibility is that the sperm alone are injured by 
the sea-water. Injury to the sperm through transference from 
the male’s body fluid to sea-water, however, cannot be due to 
difference in osmotic pressure. For as Frédericq has shown, and 
Garrey since for the Woods Hole region, the osmotic pressure of 
invertebrate body fluids is about the same as that of sea-water. 
Moreover, Platynereis sperm in sea-water as far as I could de- 
termine exhibit none of the effects experimentally produced by 
Koltzoff on various sperm cells including those of Nereis (dumer- 
alii?) through treatment by various salt solutions or those con- 
ditions described by de Meyer with hypotonic and hypertonic 
solutions. In some other way, then, the sperm must be assumed to 
be weakened but still capable of partially fertilizing the egg as the 
Hertwigs, Gemmil, Budington, Dungay, etc.,haveshown. And 
indeed my Platynereis slides of sea-water inseminated éggs show 
similarities to the figures by Lillie of the penetration of injured 
sperm in Nereis; in Platynereis, however, the germ nuclei develop 
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a little farther. Steinach long ago, later Walker (’99, ’11) and 
Hirowaki have shown that in mammals the prostate secretion is 
necessary for fertilization. Sea-water, then, might injure the 
sperm and hinder fertilization by destroying a supporting medium 
necessary for fertilization. (On this point, cf. Gemmil’s ex- 
periments.) 

Finally, a third explanation is possible: the egg alone is injured 
through sea-water treatment. The egg, in this case, may be 
dependent on a substance in the female’s body or on some se- 
cretion of its own necessary for fertilization. Both egg and sperm 
may need body fluids but sperm may be hardier, egg less resistant. 

The seasons of 1912 and 1913 were largely given over to ex- 
periments to determine which possible explanation is valid for 
Platynereis. In 1914, many of these experiments were repeated. 
And I may say at once that the explanation must come under 
the third head as shown by the following experiments. 


The Experiments. 

The plan of the experiments is briefly as following: 

Males and females were cut up separately in dishes of clean 
sea-water. The bits of tissue were carefully removed, the dish 
of eggs being handled with utmost care to prevent unnecessary 
agitation. The eggs and sperm suspensions were filtered after 
having remained in sea-water for varying lengths of time. 
Sexual products treated thus are designated “washed eggs’’ and 
“washed sperm.’”? 


Males and females were thoroughly dried on filter paper or 
clean sheer linen. The males were cut up in dried clean watch 
glasses; the females were cut up in the same way or pricked when 


1 That the resistance of eggs and sperm of both Nereis and Platynereis is unequal 
would seem probable from the following: If to a Nereis sperm suspension janus 
green be added the fertilizing power of the sperm is in no wise impaired; or if the 
dye be added to sea-water the living males absorb it readily without any injurious 
effect on the sperm. The same quantities of the dye in sea-water is toxic to the 
egg before or at insemination. Eggs taken from a female Platynereis that has been 
swimming in a janus green-sea-water solution that is not toxic to the males or their 
sperm will not fertilize. Cf. also action of nicotine on Strongylocentrotus sperm 
and eggs as observed by the Hertwigs. 

2 Several methods were used for “‘washing’’ sperm and freeing them of sea- 
water, among others that of centrifuging at high speed for six minutes. These 
were all abandoned for the method here described. 
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most of the eggs that escaped were collected in dry watch 
crystals. Bits of tissue were always removed. Such eggs and 
sperm are ‘“‘dry eggs’’ and “‘dry sperm.”’ 

For a given experiment eggs and sperm were mixed and after 
an interval of time varying from five to sixty seconds flooded 
with sea-water. Four kinds of inseminations were made: 


Washed eggs X washed sperm. 
Washed eggs X dry sperm. 
Dry eggs X dry sperm. 
Dry eggs X washed sperm. 


The experiments fall into two groups: “A.M. inseminations”’ 
—made the morning after the worms were captured; and ‘‘ P.M. 
inseminations’’—made during the evening of capture. 

The following table gives a summary of results: 


TABLE I. 
Eggs. Sperm. Group, Development. 


Washed. . ....A.M, and P.M 
Washed J A.M. and P.M..........None. 
.. A.M, and P.M..........Cleavage and larve. 
ee ba Saseu es None. 
P.M. cos Cleavage and larve. 


Washed eggs, inseminated with dry or washed sperm, never 
reach cleavage stages nor do they ever produce swimming forms. 

I have commented above on the dry egg X dry sperm series. 
These eggs cleave and later produce normal larvae. 

Washed sperm X dry eggs of the A.M. group (1912) did not 
yield cleavage or swimming forms. The worms do not thrive 
well in the laboratory. The practise, therefore, of conducting 
experiments the morning after capture has been since 1912 prac- 
tically abandoned. The only test for the vitality of the worms is 
copulation—a test the very nature of which precludes experiment. 
Doubtless, therefore, this set of experiments gave no results 
because the animals were not fit. Study of sections of eggs 
normally inseminated and laid as early as 5 A.M. shows a large 
percentage in the germinal vesicle stage. 1 have made counts in 
dishes of living eggs to show at the later cleavage stages the pro- 
portion of eggs still in the germinal vesicle stage. For example, 
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August 8, 1912, 2 P.M., six hours after laying of 10,851 eggs 
(from one female) six per cent. were still in the germinal vesicle 
stage. Other counts of living eggs and of sections show higher 
percentages. Every egg laid the night of capture cleaves. Dry 
inseminations, day or night, at best never give more than ninety 
per cent. of cleavages. The poor quality of the animals after 
several hours in the laboratory may account for the failure of the 
dry eggs X washed sperm A.M. group to cleave. But since the 
dry eggs X dry sperm A.M. series gives cleavage, I am rather 
inclined to believe that the method used was poor: for instance, 
the filter paper then used was too soft allowing the loss of most of 
the spermatozoa or too much water was left when the dry eggs 
were added. 


The results with dry eggs X washed sperm, P.M. group are 
wonderfully uniform and show conclusively that the sea-water, 
at least for the exposures used, has no harmful effect on the sperm. 
The method used is simple. As soon as possible after capture one 
to three males are cut up in from 8 drops to 20 c.c. of sea-water 
and allowed to stand upward to twenty minutes. (The sperm 


are active after having been in sea-water for twelve hours.) The 
sperm suspension is then filtered. I used a very hard filter 
paper. This paper was then tilted and thoroughly drained 
until under the lamplight the glistening water was thoroughly 
absorbed. A dried female was cut up on the filter paper or 
pricked and the eggs thus procured rolled over the paper to reach 
the sperm left behind or caught in the pores of the filter. The 
whole was then put in a dish of clean sea-water. It would be 
tedious to cite the individual experiments. They show conclus- 
ively that dry eggs inseminated with washed sperm develop in 
normal fashion. 

Now since, as has been shown above, there is a minimal 
amount of sea-water that will permit fertilization, dry eggs 
ought to fertilize if put on the filter paper before all the water 
has been absorbed. Such indeed is the case. Moreover, dry 
eggs put in two drops of thin sperm suspension develop. From 
a suspension made by cutting up one or more males in sea-water 
two drops are taken. Dry eggs put in this cleave and next 
morning swim. 
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This observation led to a series of experiments (during 1913 and 
1914) designed to ascertain whether or not the density of the 
sperm suspension is a factor in the fertilization of Platynereis. 

These experiments prove in general that the number of dry 
eggs added to sperm suspensions that develop depends upon the 
density of the suspension. The denser the suspension the larger 
the number of trochophores. Moreover, for dense suspensions 
the minimum amount of sea-water permitting fertilization appears 
to be slightly higher than for thin suspensions. Cleavage is 
directly a function of the chances of the spermatozoa reaching 
the egg before the fertilizing substance is lost. 

The time of flooding with sea-water after insemination is also 
important for the highest percentage of cleavage. But these 
factors cannot be expressed with mathematical exactness. Some 
points, particularly with reference to inseminations with dense 
suspension need further experiments to determine their signi- 
ficance. 

That the egg when exposed to the action of sea-water quickly 
loses something necessary for fertilization must be the conclusion 


drawn from these experiments with washed or unwashed eggs. 


Even thirty seconds residence in sea-water, as repeatedly proved, 
is sufficient to inhibit cleavage in every single egg. If dry eggs 
from a single female be put in five cubic centimeters of sea-water 
and thoroughly drained as soon as they settle they will not de- 
velop after insemination although this procedure may take but a 
half minute. The egg alone is affected by sea-water; the fer- 
tilizing power of the sperm is not affected by exposure to sea- 
water. 


3. The Nature of the Fertilizing Substance. 


The fertilizing substance once lost cannot be restored. If 
washed eggs be mixed with an extract obtained by crushing dry 
eggs in one or two drops of sea-water and dry sperm added, 
cleavage does not result. I lay no stress on this, however, for 
it seems to me that such an extract might yield anything. 

The presence of various substances in the sea-water or the 
lowering of the temperature of the sea-water does not prevent or 
restore the loss of this substance. 
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KOH.—Eggs were teased out of the female directly into sea- 
water plus KOH in various proportions. Or, eggs from dried 
females were placed in the solution. After remaining from thirty 
seconds to two minutes in the alkaline sea-water the eggs were 
inseminated dry and flooded with sea-water. In other cases in- 
seminations were made in the solutions. Washed eggs were 
similarly treated. Whatever the method alkaline sea-water 
never gave cleavage. (Cf. sections on cross fertilization and 
artificial parthenogenesis. ) 

Hypertonic and Hypotonic Sea-water.—Eggs, both washed and 
dry, were treated with 24% M KCI + sea-water as follows: 


. I drop 2} M KCI + 19 drops of sea-water. 
. 2 drops “ eS ge ” 
aN tM mh ERT 
“ + 16 
“MG 
+ 14 
Dry sperm were added at once and the dishes flooded with 
sea-water after five minutes. Or, after treatment for varying 
number of minutes the eggs were inseminated dry. The eggs 
developed no farther than with KCl treatment alone (see 
beyond); they form jelly and maturate. 
Hypotonic solutions used similarly gave no cleavage. 
Ether.—The following table is a summary of the experiments 
with ether: 


Eggs. Solutions Used. Exposure. Inseminations. 


Washed, -3 to .6 per cent. I to 5 minutes dry; in the solution. 
Dry, “ “6 “ 
Teased, “ “ “ “4 “ 


‘“Teased’’ eggs are those got by cutting up the female in the 
ether-sea-water. 

A few eggs form jelly and maturate after the ether treatment. 
Compared with sea-water inseminations, ether cuts down the 
per cent. of maturations. According to R. S. Lillie (12) star- 
fish eggs resistant to fertilization may be rendered normal by 
ether in low concentration. In Platynereis the condition is 
different. The egg is not rendered resistant to fertilization by 
the action of sea-water; it is weakened through loss of something 
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by the sea-water since it combines but feebly with the sperm 
The ether as in Asterias renders the Platynereis egg irritable since 
as shown by the low percentage of maturation more fertilizing 
substance must be secreted. 

KCN.—Inseminations made with washed or dry eggs during 
or after treatment with KCN (1 per cent. KCN and sea-water 
made in various proportions) gave only maturation. But the 
eggs will maturate in KCN alone while in the solutions. (Cf. 
Allyn on Chetopterus.) 

CaCle.—Newman found that CaCl, inhibits fertilization in 
Fundulus through a precipitation effect. I thought that in 
somewhat the same way calcium chloride might through action 
on the cortex inhibit the loss of the fertilizing substance in Platy- 
nereis. M/2 CaCl, added to sea-water in different quantities 
does not inhibit the loss of the substance since after the calcium 
chloride treatment the egg does not fertilize. 

Cooled Sea-water.—Sea-water was cooled to 10.5° C. and dry 
eggs after 30, 60 and 90 seconds’ treatment in 5 c.c. were insemi- 
nated at this temperature or after the cooled water was pipetted 
off. In some experiments the female was kept at the low tem- 
perature for several minutes before the eggs were cut out. 5 c.c. 


of sea-water were used in each experiment. The eggs never 
cleave, but more form jelly and maturate than controls insemi- 
nated in ordinary sea-water. This would seem to indicate a 
slowing down of the secretion. The effect of cold is just the op- 
posite of the effect of ether. Unfortunately, only few of these 
experiments were made. Perhaps they should be repeated at 
lower temperatures. 


Concerning the nature of this substance, some of my earliest 
notes are of interest. After insemination in sea-water I found 
some time later (forty minutes in one case) “sperm dancing above 
the eggs.”’ In 1914, I found the sperm of sea-water insemination 
active after twelve hours. One does not find this after dry in- 
semination, even with excess of sperm. Sperm in the dishes of 
successfully inseminated eggs are profoundly changed. Study 
of the movements of Platynereis sperm reveals the circular swim- 
ming of echinid spermatozoa, as shown by Buller, Gemmil, 
Winslow, and others (see also Dewitz, Ballowitz, etc.). They 
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finally become quiescent through lack of oxygen! in various 
positions without orientation. After dry inseminations they 
come to rest, as can be seen after flooding the dishes, definitely 
oriented and not in haphazard arrangement. Clustered among 
the jelly hulls, their heads point toward the eggs. On occasions, 
I believed that I demonstrated the agglutination of the sperm by 
sea-water in which the eggs had been lying. The evidence is not 
clear-cut and more recent attempts have failed. The egg 
charged sea-water, however, does activate the sperm. 

I wish to point out the serious difficulties experienced in the 
series of sperm agglutination experiments. In the first place, 
twenty “‘large’’ dried males (two and one half centimeters long) 
do not yield enough sperm and body fluid to make up a drop as 
large as a drop of dry sperm from a very small Nereis. Then 
again the thickest suspension got is largely made up of blood cor- 
puscles. I have never succeeded in procuring a “milky sus- 
pension’’—the admixture of corpuscles and body fluid giving 
always a pinkish mixture. And finally, one cannot always get 
twenty or more males necessary to make up even this thin sperm 


suspension. Repeated efforts, therefore, extending through two 
seasons have not been marked with very positive results. 

With Nereis sperm, the case is indisputable. If water in which 
Platynereis have laid eggs be taken it is found to have an agglu- 
tinating effect on Nereis sperm. Thus: 

August 18,1914. At 10:15 P.M., ten females laid eggs in six c.c. 
of sea-water each. After five minutes some of this water was 


drawn off—2o c.c. in all. Nereis sperm suspensions were made 
up fresh at 10:20, 10:30, 11:00 and 11:05. A drop of the sperm 
suspension was mounted on a slide under a raised cover slip. A 
drop of the water taken from the dishes of eggs was injected 
beneath the cover slip. Under the microscope, the quiescent 
sperm appeared at first intensely active, then rushed together 
and formed agglutinated masses among others still free-swimming. 

1 This fact was brought out in 1913 when I was repeating some old observations 
on echinoderm spermatozoa. While experimenting with the sperm of Thyone in 
janus green solutions, I noted after some time had elapsed that cover-slip prepara- 
tions showed that bacteria present previously bluish in color had changed to a 


decided red. Later observations proved that as the dye was reduced in bits of 
tissue under the cover slip the sperm quieted down in various positions. 
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The same experiment succeeds if one uses the water from dishes 
in which uninseminated eggs have remained for a few minutes. 
Washed eggs do not cause agglutination of Nereis sperm; water 
charged by normally inseminated eggs or uninseminated eggs 
retains its power of agglutinating Nereis sperm after twelve 
hours at least, the reaction coming on more slowly. The freshly 
charged water acting on fresh sperm suspension gives a clear-cut 
and beautiful reaction. 

It may seem far-fetched to argue that the fertilizing substance 
lost by Platynereis eggs when exposed to sea-water is agglutinin 
or fertilizin as discovered by Lillie in Nereis and Arbacia because 
the washed egg, no longer fertilizable by its own sperm, can not 
sufficiently charge the sea-water to agglutinate Nereis sperm. 
Yet I believe this is the case precisely. The agglutination of 
Nereis sperm by Platynereis egg-water is correlated with jelly 
formation in Platynereis by Nereis sperm. In sea-water in- 
seminations, Nereis spermatozoa are almost as effective as those 
of Platynereis. Added to this is the difference in behavior of 
Platynereis sperm in egg charged sea-water, in sea-water insemin- 
ations, and in dry inseminations. 

The evidence may be scant, but it seems to me sufficient to 
indicate that the substance lost which is necessary for fertilization 
is identical in nature with the fertilizin of Lillie. 


B. Cross FERTILIZATION WITH NEREIS. 


I have mentioned (Just, 14) the fact that it is generally taken 
for granted that reciprocal crossing of Nereis and Platynereis is 
the rule. This led me to attempt cross fertilization. Cross 
fertilization never produces segmentation or development though 
it may induce the maturation process. 

Of the methods used in echinoderm hybridization—those of 
Loeb, Tennent,' etc.: (1) high temperature; (2) treatment with 
fresh water; (3) treatment with alkalis; (4) allowing the eggs to 
stand; and (5) polyspermy—all were tried except the first. 
Since the eggs of Platynereis are normally inseminated in the 
body cavity and therefore with little sea-water, I tried “dry 


1 Dr. Tennent in 1912 very kindly communicated to me at length his latest 
methods in echinoderm hybridization. 





FERTILIZATION IN PLATYNEREIS MEGALOPS. 107 


inseminations”’: i. ¢., Nereis males were cut up dry and a drop of 
the sperm without the addition of sea-water added to eggs of 
Platynereis cut up dry. Inseminations were made in a variety 
of ways as the following table of method shows: 


TABLE II. 
SUMMARY OF INSEMINATIONS MADE IN IQII, I912, 1913, AND I914 
Platynereis sperm on Nereis egg. 
. Few sperm in sea-water. Fresh eggs in sea-water. 


. Dense sperm suspension. 


. Few sperm in sea-water. Stale eggs in sea-water. 
. Dense sperm suspension. 





. Few sperm, dry, Fresh eggs dry. 
. Heavy insemination dry. 


. Few sperm, dry. Stale eggs washed. 
. Heavy insemination, dry. 


Reciprocal crosses of Platynereis eggs and Nereis sperm were 
made. 

“Stale eggs’’ are eggs that have stood in sea-water for several 
hours. “Stale eggs, washed” are stale eggs on which the water 
has been changed several times. 

These experiments were made repeatedly during four seasons. 
The sperm of Platynereis has practically no effect on the egg of 
Nereis whether fresh or stale, dry or in sea-water. In one ex- 
periment (1911) I got jelly formation in a few eggs. This ex- 
periment later repeated (1913) gave no result. If Nereis eggs 
be inseminated with Platynereis sperm during the evening of 
capture they show no change the next morning. Inseminated 
with Nereis sperm twelve hours after insemination with Platy- 
nereis sperm, the eggs develop normally if anything in greater 
numbers than such stale eggs in ordinary sea-water do. 

Nereis sperm will cause Platynereis eggs to form jelly, the per 
cent. of eggs thus responding depending upon the amount of 
sea-water used and the density of the sperm suspension. But in 
general many of the eggs fail to form jelly or go through matura- 
tion. Many that maturate do so with the cortex partially or 
wholly intact. Sections of these eggs preserved at three minute 
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intervals after insemination have been studied. The sperm does 
not enter; or, if it enters must disintegrate early for I have néver 
found sperm nuclei in these preparations. 

Clearly, then, one may not use the eggs of these worms in- 
discriminately. 


C. ARTIFICIAL PARTHENOGENESIS. 


The following agents have been used in an attempt to bring 
about artificial parthenogenesis in the egg of Platynereis megalops: 


. Centrifuging, 
. KCI, 
. NaOH, 
. KOH, 
. HNOs, 
. HCl, 
7. Warm sea-water. 


The eggs were cut out of the worms in sea-water centrifuged; 
subjected to varying quantities of salt, alkalis, or acids for dif- 
ferent lengths of time; or warmed in sea-water for from five to 
thirty minutes at 35° C. These methods gave polar body forma- 
tion, cytoplasmic changes, fusion of the oil drops, and finally 
chromatin disintegration in the animal hemisphere. The eggs 
never cleaved. 

Study of the literature reveals the fact that the clearest cases 
of artificial parthenogenesis closely simulating the normal in 
cleavage and in larval development are of those eggs that have 
formed one or both polar bodies when shed: the echinids, for 
example, and the asteroids. Other eggs shed in the germinal 
vesicle stage like those of Polynoe (Loeb '08), Amphitrite (Loeb 
or; Scott.) Nereis (Lillie ’11), etc., give only differentiation 
without cleavage or incomplete cleavage. Loeb and Wasteneys’ 
work on Chaetopterus with ox serum as well as Miss Allyn’s 
on the same egg with heat are exceptions. The great exception 
to the general statement made above is Thalasema (Lefevre) 
where it appears with single substances, acids mostly, normal 
development is closely simulated. On the whole, however, 


ovocytes yield less readily to parthenogenetic agents than 
mature ova. 
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Mathews’ experiments (’01) on Asterias may in this connection 
be cited. He found that when the eggs of this starfish were got 
while still in the germinal vesicle stage shaking would produce 
development only after the eggs had remained in sea-water until 


maturation was gone through with. Sea-water acts as a first 
stimulus and mechanical shock induces further development. 


So R. S. Lillie ('08) on the same egg finds that its responsiveness 
to momentary elevation of temperature as a means of producing 
artificial parthenogenesis “ varies greatly at different periods in the 
life of the egg.”” ‘The most favorable period is some little time 
(10 to 20 minutes) before the separation of the first polar body.” 

Reasoning thus, I thought that I might carry Platynerets eggs 
through maturation with one agent and then through cleavage 
with another. Eggs were, therefore, treated with KCl, KOH, and 
NaOH in sea-water for various lengths of time and then subjected 
to heat, shaking, and centrifugal force. In no case did I procure 
cleavage although the first agent in each case caused maturation. 
With Nereis, on the other hand, KCl and subsequent warming in 
sea-water induces development (see Just '15)). 

It is interesting to note that eggs subjected to heat in the 
minute quantities of sea-water that permit fertilization do not 
develop beyond maturation. Apparently, the conditions for 
successful artificial initiation of development are more exacting 
than those for successful insemination. 

We may conclude, then, that the results of attempted cross 
fertilization and artificial parthenogenesis are harmonious with 
those of sea-water insemination, so far as cleavage is concerned, 
in their negative results. The fundamental questions are: (1) the 
significance of the sea-water insemination and (2) the extent to 
which the results with Nereis sperm and with parthenogenetic 
agents are capable of like interpretation. 


DISCUSSION. 


Any analysis of fertilization must deal with the phenomena 
from the point of view of heredity or of initiation of development. 
Considered as the process of initiating development, fertilization 
may be divided into the stages of insemination, sperm pene- 
tration, and germ nuclei copulation. As Lillie has repeatedly 
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pointed out! experimental evidence must be amassed testing the 
meaning of each of these stages. 

1. Concerning insemination, as Lillie has shown, the egg plays 
an important part through the production of agglutinins.? For 
both Arbacia and Nereis it has also been shown that chemotaxis 
plays a part in insemination. (Lillie, "12, '13a, °13b, and '14). 

I believe that Platynereis belongs to this class. I may, how- 
ever, be permitted again to point out the great difficulty attending 
the use of Platynereis eggs on this phase. All the phenomena are 
extremely rapid, the reactions must be very nice. The material 
is unfavorable for any intensive study of agglutination and che- 
motaxis. When one stops to think of the extremely precise 
reactions of the eggs, one gets a hint of the task. The carrying 
over of the smallest drop of sea-water above the maximum to eggs 
from vigorous females within the shortest time after capture will 
prohibit cleavage in every egg. 

To answer the general question whether or not eggs secrete 
substances that activate the spermatozoa, I believe forms whose 
eggs are inseminated normally in sea-water should be used. So 
far as Platynereis is concerned, agglutination or not, chemotaxis 
or not, the egg must lose a substance or substances when in 
sea-water whose presence is necessary for fertilization. 

2. Study of the normal fertilization of Platynereis indicates that 
as in Nereis the egg plays the active réle in the penetration of the 
spermatozooén for it actually draws in the passive spermatozoén. 
After sea-water treatment I have not, as mentioned above, found 
the early stages of penetration in eggs fixed at three minute 
intervals after insemination. Either the sperm penetration is 
unlike that after normal insemination or penetration takes place 
with extreme rapidity. In the later stages of penetration it is 

1 Lectures to classes in embryology, Woods Hole, Mass. 

? Apparently Buller did not realize that he obtained iso-agglutination of sea- 
urchin sperm, although he speaks of the sperm forming “‘balls’’ and although the 
phenomena of agglutination were well known at that time. Landsteiner the year 
before had secured sperm agglutinating sera. Nougouchi’s work on Nereis sperm 
is of interest: he demonstrated agglutination with snake venom. The experiments 
of Schiicking, von Dungern, de Meyer, and others are well known. An observation 
of Walker's (’10) is likewise worthy of mention—the agglutination of the sperm of 


the rat when mixed with the seminal vesicle secretion of the same animal. 
Chemotaxis of sperm has been demonstrated for mammals—see for instance, Léw. 
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clear that the spermatozoa behave in abnormal fashion even 
granting that I may have overlooked the amphiaster. The 
evidence seems to indicate that after sea-water treatment the 
egg lacks the power to engulf the sperm. However, whatever 
the method of penetration one point is beyond contradiction: 
these washed eggs never cleave. 

The observations agree with those of Lillie (’14) who notes 
that some unpublished observations in the case of Nereis show 
that “‘if the cortical changes be induced by artificial means there 
is a brief period in which insemination of the eggs may be followed 
by penetration of the spermatozoén, but without causing cleavage 
of the egg.’’ Miss Allyn found that after KCl treatment of the 
egg of Chetopterus, the spermatozoén may enter but its behavior 
is not normal. Kite (quoted from Lillie ’14) finds that sper- 
matozoa injected into star-fish eggs never give cleavage. . 

In these cases, the interpretation must be that the “fertiliz- 
able”’ condition of the egg has been destroyed through loss of 
fertilizin before insemination. In the same way sperm may pene- 
trate unripe eggs as Hempelmann has shown for Saccocirrus (so 
too, von Hofsten for Otomesostoma and Shearer for Dinophilus gyro- 
ciliatus). Two years ago I found that eggs from Nereis imbata just 
before transformation into the heteronereis phase would not fer- 
tilize with active sperm either from the nereis or heceroneris form. 
Moreover, eggs from metamorphosing worms kept for several 
weeks in the laboratory although apparently ripe would not 
fertilize on insemination during the dark of the moon. At full 
moon, sometimes but a few days later, eggs from the same animal 
would fertilize and develop into larve which were kept for weeks. 
We may assume in these cases that the fertilizin is either absent 
or is unavailable. Penetration, therefore, may take place before 
the fertilizable period is reached as well as after it has been 
passed, but the egg is not capable of fertilization. 

3. Apposition of the germ nuclei of Platynereis after sea-water 
insemination may ensue, but never cleavage. After the loss of 
the fertilizing substance, then, the normal fertilization process 
may be closely simulated even to the point of the copulation of 
the pronuclei but development never goes beyond this point. 
In short, the normal fertilization process demands at the very 
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outset the fixation by the spermatozoon of the escaping fertilizin. 
This takes place in Platynereis almost instantaneously (see page 
93) but brief though this phase may be it cannot be omitted. 

The experiments with Nereis sperm and agents of artificial 
parthenogenesis demand explanation. Eggs such as those of 
echinids used in cross fertilization (Loeb, Tennent, Baltzer, 
Herbst, etc.) or in artificial parthenogenesis when subjected to 
treatment are so subjected with their substances intact. They 
are normally shed in sea-water for insemination and the sea-water 
does not for some time destroy their fertilizing power. Platy- 
nereis eggs when subjected in sea-water to foreign sperm or to 
various agents have lost something through the action of sea- 
water. This very “something’’ is necessary for artificial par- 
thenogenesis and, moreover, as shown above (for Nereis also) 
must be present in greater quantity than necessary for fertiliza- 
tion. I am emboldened further to suggest that eggs normally 
inseminated in the ovocyte stage yield to parthenogenetic agents 
only with difficulty because they lose fertilizin at the impact of 
the first stimulus—chemical treatment, shock, etc. Sperm 
alone, in most cases, are strong enough by fixation of the fertilizin 
to carry such eggs through their dual phase—maturation and 
fertilization. Whether by sperm, then, or by artificial agents, 
the initiation of development is fundamentally the same.' The 
egg plays the leading réle; it needs but to have its fertilizin ac- 
tivated in order to develop. 

The observations on Platynereis were rendered less difficult 
because of the study of the maturation and fertilization in Nereis. 
For this study I was fortunate to be able to supplement my own 
slides with two series lent me by Professor F. R. Lillie. It is a 
genuine pleasure here to acknowledge my further indebtedness to 
him for his many suggestions and for his stimulating interest in the 
Platynereis studies begun at his suggestion and under his direction. 


MARINE BIOLOGICAL LABORATORY, 
Woon’s HoLe, Mass. 


1] think that Martin Jacoby’s experiments support this view. He found (Bio- 
chem. Zeit., 26, 333-335) that serum from rabbits into which eggs had been injected 
showed an increased power to stimulate parthenogenetic development of the eggs. 
He also found (ibid., pp. 336-343) that an enzyme which may be extracted from 
sperm and from eggs after sperm penetration may be got from parthenogenetic 
eggs. : 
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SPOROCYSTS IN AN ANNELID.! 
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In the summer of 1910, while at work at the United States 
Fisheries Biological Station, Woods Hole, Mass., I was told by 
Dr. Gilman A. Drew that what were supposed to be cercariz 
had been noticed at different times associated with the annelid 
Hydroides dianthus Verrill among material being used for study 
at the Marine Biological Laboratory. 

Acting upon this suggestion I examined a large number of these 
serpulids on several dates in August of that year. Although 
much of the material was examined very minutely, the worms 
having been removed from the tubes, teased, and everything that 
even remotely resembled a sporocyst further examined, neither 
sporocysts nor cercariz were found. 

In the following summer I secured two lots of these sporocysts 
from this annelid. For the first lot, July 15, I am indebted to 
Dr. Drew, and for the second, July 21, to Miss Margaret Morris. 

In each case the single annelid was lying in a dish of sea water, 
and in the bottom of the dish there were a large number of sporo- 
cysts. These sporocysts were found to contain cercarie in 
various stages of development but no rediz. As they lay free 
in the sea water the sporocysts were for the most part white, or 
bluish translucent white. In some of them there were varying 
amounts of orange pigment of similar appearance to the abundant 
pigment in the annelid. They were short and thick, bluntly 
rounded at the ends, and more or less arcuate. In some cases 
they were curved until the ends almost touched each other. 
Many of the second lot were orange yellow, also many of them 
were actively contractile. A frequent change of shape was that 
from the characteristic short, blunt-pointed sub-cylindrical 
form to a fusiform shape with elongated and slender-pointed’ 


1 Published by permission of Commissioner of Fisheries. 
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ends. In this condition they were sometimes straight and some- 
times arcuate (Fig. §). In each sporocyst there were tailed cer- 


gricee 


Fic. 1. Contraction shapes of sporocysts, life. 


carie along with various stages of developing cercarie, from 
globular, balls of cells, 0.04 millimeter in diameter, to cercaria, 
0.5 millimeter or more in length (Fig. 2). The anterior portion 


Fic. 2. Sporocyst showing cercariz in different stages of development. Cam 
era lucida sketch of stained and mounted specimen. Actual length 1.04 millimeter. 


of these cercariz is sub-cylindrical and slightly tapering at the 
anterior end. It is marked off from the elongated tail portion 
by a constriction, which, in the mature cercariz, is at about the 
anterior fourth of the entire length. In other words, the tail, 
which is forked at the end, is about three times the length of the 
body. Along the dorsal aspect of the body in a few instances a 
longitudinal row of exceedingly slender spines was noted. As 
this cercaria resembled very closely a cercaria which I have 
found in the scallop (Pecten irradians), | recorded in my notes 
that it was likely that these spines, as in the cercaria from the 
scallop, are remnants of a fin-like membrane, and that the type 


represented by this cercaria is evidently near that of Cercaria 
cri tata L> Val. 
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On July 19, 1914, through the kindness of Dr. E. J. Lund, I 
had the opportunity of examining another lot of these cercariz 
from this same annelid. Some of these were observed to be 
covered with an exceedingly thin hyaline membrane which be- 
comes constricted at frequent intervals, the constrictions ulti- 


mately being the only part of the 
membrane that is visible. The cer- 
carie from Hydroides, as was the case 
with those from the scallop, exhibit 
great activity, but the nature of their 
movement is different. Instead of a 
characteristic pecking motion of the 
anterior end, the cercarie from the 
annelid, occasionally, after lying mo- 
tionless for a time, perform exceedingly 
rapid wriggling movements. The an- 
terior end of the body is provided 
with a short, retractile boring appa- 
ratus, shown protruded in Fig. 3. 

In addition to the various stages of 
developing cercariz, other structures 
were observed in these sporocysts. 
With transmitted light these appeared 
to be granular, but with reflected 
light, or, with high magnification, they 
appear to consist of minute oil drop- 
lets, at least in part. In some cases 
they were distributed rather uniformly 
near the surface, in others they were 
massed in the central region. 


The number of these sporocysts is 


very great. In the first lot it was 
estimated that there were between 900 
and 1,000 sporocysts in the dish with 
the annelid. After the worm had 
been lying for a few minutes in a dish 
of clean sea water to which it had been 


3 4 


FIG. 3. 
crest. 


Cercaria with fin-like 
The thin investing mem- 
brane is indicated at the poste- 
rior end. Length of body 0.17 
millimeter, length of tail, 0.52. 

Fic. 4. Anterior end of a cer- 
caria with a crest of slender, 
cilia-like spines. 


transferred, a number, 25 or more, of sporocysts made their 
appearance on the bottom of the dish. The worm was then 
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placed in corrosive-acetic and afterwards sectioned. The sections 
show an immense number of sporocysts (Fig. 5). For the most 


Fic. 5. Transverse section of Hydroides dianthus showing sporocysts embedded 


in the body wall. a, intestine. 


part they are distributed ventrally in the inner portion of the 
body wall, although a few lay among the muscles near the 
exterior, and a few in the epidermis. If I interpret the sections 
correctly, the sporocysts escape from the ventral side of the 
serpulid, where the body wall is comparatively thin, and where 
the sporocysts are in greatest numbers. 

There is considerable variation in the size of the sporocysts. 
The largest noted was 0.70 millimeter in length and 0.28 milli- 
meter in diameter; the smallest 0.17 in length and 0.10 in di- 
ameter. In like manner the cercariz varied. in length, but the 
length of 0.12 millimeter for the anterior portion, and 0.36 for 
the tail, or 0.48 millimeter for the whole length, is not far from 
the usual length of a mature cercaria. One cercaria, living, had 
the following dimensions: Length of body 0.17 millimeter, breadth 
0.04; length of tail 0.52, breadth 0.02. 

What were interpreted to be striated muscle fibers were 
noticed in the tails of living cercarie (Fig. 3). These fibers 
extend diagonally backward and inward from the exterior to 
the median line. They were about 0.0017 millimeter in diameter, 
and what appeared to be cross striations were plainly visible 
with a Zeiss D objective. Under an oil immersion lens their 
resemblance to striated muscle was evident. 








